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PREFACE 



In reviewing the literature in book form it became appar- 
ent that there is no American work covering the subject of 
serology in nervous and mental diseases. Scattered articles 
of merit are to be found in general and special periodicals, 
but a collection of the material in one volume is sadly 
wanting. I, therefore, thought that it would meet with the 
approval of physicians, particularly neurologists and psychi- 
atrists, to have a volimie in which some of their queries might 
be answered. The chief stimulus to write such a book came 
from Dr. M. J. Karpas, of the Psychiatric Division at Belle- 
vue Hospital, to whom I wish to express my sincere thanks. 
I am also indebted to Dr. H. Noguchi for photographs and 
suggestions. The cooperation of the Medical OflScers of the 
Institute helped greatly in furthering the completion of this 
work, and I wish to close with thanks to them. 

D. M. KAPLAN. 

30 Beekmann Place, 

New York Citt. 

May, 1014. 
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SEROLOGY OF NERVOUS AND MENTAL 

DISEASES 



PART I-TECHNOLOGY 



INTRODUCTION 

HISTORY. OF LUMBAR PUNCTURE 

The credit for first withdrawing cerebrospinal fluid from 
a patient ought, properly, by right of priority, to go to 
an American physician, Dr. J. L. Coming, who performed 
the puncture in 1885.^ Essex Wynter conceived the plan of 
diminishing intracranial pressure by performing ventricular 
puncture. Later, in a patient in whom the fontanels had 
prematurely closed, and it was desirable to diminish the 
intracranial pressure, the spinal route had to be resorted 
to for the purpose of withdrawing the cerebrospinal fluid. 
This was performed in 1889, and although the technic* was 
crude, it nevertheless ser\'ed as a stimulus to other workers 
further to elaborate the study of lumbar puncture. The 
first paper by Quincke on the technic of lumbar puncture 
and the study of the cerebrospinal fluid appeared in 1891. 
The thoroughness with which the subject was treated, and 
the painstaking studies that followed on the steps of the 
German investigator, justify the coupling of his name with 
the operation of lumbar puncture, in fact, with the entire 
subject of research work done on the cerebrospinal fluid. 
Following closely the publications of Quincke appeared 
those of Sicard, Nissl, and others. 

» "Hand-book of the Med. ScL," W. Wood, vol. vii, p. 292. 
* The fluid was obtained by performing a laminectomy. 
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The spinal fluid occupies the space between the pia and 
arachnoid — the so-called subarachnoid space. ]t comes in 
contact with the periphery of the brain and cord, and prob- 
ably communicates with the ventricles. The subarachnoid 
space is traxersed by very fine coimecti\e-tissue tmbeculie, 
of which but little is known, although they may assume 
pathologic importance when they become thickened and 
adherent. Cerebrospinal fluid can be demonstrated as 
early as the fourth month of fetal life, at a time when the 
Pacchionian bodies are still absent. It is, therefore, unreason- 
able to suppose that these bodies have anything to do with 
the formation of cerebrospinal fluid, it is more likely, 
although this is not definitely settled, that the fluid is a true 
secretion of the choroid plexus cells, a theorj' advanced 
by Mott. Whether the fluid is to be considered as a true 
secretion or as a transudate or a.s both, can be ascertained 
from the opinions of noted workers on this subject. It has 
been proved that the spinal fluid in patients with icterus 
do not show discoloration in the ventricular fluid, whereas 
the spinal fluid is discolored yellow- The increase in globu- 
lin, as found in general paresis, exhibits a similar peculiarity. 
These facts tend to show, among other things, that a free 
communication between the ventricles anil the subarach- 
noid space probably does not exist. The normal men- 
inges permit the appearance, in the cerebrospinal fluid, of 
formalin after the ingestion of hexamethylentetramin. The 
circulation also gives to the fluid its specific syphilitic ambo- 
ceptor. The appearance of blood in the spinal fluid after a 
hemorrhage in the ventricles cannot be considered as proof 
that there is a free communication lietween the subarachnoid 
and the intraventricular fluids, for it is likely that the 
trauma produced by the free extravasation of blood in the 
ventricles would also destroy normal barriers. As against 
this is the fact that small particles of sterile dyes injected 
into the spinal canal find their way into the ventricles. 
Some experimenters have suggested an outlet for the central 
canal in the conus terminalis (Kramer). 
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RACHICENTESIS 19 

The chief function of the cerebrospinal fluid is a pro- 
tective one, t. 6., the fluid serves as a cushion, preventing 
jarring of the structures surrounded by it. It also tends to 
neutralize substances that are to be considered as excre- 
tory, forming inert combinations of complex organic con- 
stitution. The presence of glucose in the fluid appears to 
fiunish an energy supply to the nervous apparatus (personal 
communication by Mott). 

RACHICENTESIS 

Indications. — ^The chief purpose in obtaining cerebro- 
spinal fluid is to secure, in doubtful instances, an aid to 
diagnosis. It is this feature alone that has made spinal punc^ 
ture a frequent procedure, especially in neurologic and 
psychiatric practice. The progress made in the study of the 
fluid has furnished very practical and useful aids to treat- 
ment and prognosis. The not infrequent meningeal mani- 
festations in children require that a definite diagnosis of the 
disease be made, which is often impossible without the aid 
of lumbar puncture. It has also been used for therapeutic 
purposes in such conditions where the symptoms were 
believed to be due to increased intracranial pressure. 

Contraindications. — First in the list of contraindications 
to lumbar puncture must be placed tiunors of the posterior 
fossa, particularly of the cerebellum. Where the necessity 
of studying the fluid is very great (establishing a syphilitic 
disease of the nervous apparatus), it is permissible to with- 
draw at most 2 c.c. of the fluid, and immediately replace the 
same with an equal quantity of sterile normal saline solu- 
tion, or raise the foot of the bed and keep the patient in this 
position for twenty-four hours. It is needless to warn 
against puncturing patients whose physical condition in 
itself would preclude such a procedure. 

Preparation of Patient. — It is best to secure a spon- 
taneous bowel movement first, and if this is not successful, 
then a mild saline should be given on the morning of the 
day when the puncture is performed. In the case of ambu- 
lant patients, it is advisable to do the puncture in the even- 
ing, so that they may rest overnight. The aseptic precau- 
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tions consist In the ordinarj' cleansing of the lumbar and 
upper sacral region with green soap, followed by water, 
alcohol, and ether. It is not necessary' to use a stiff brush, 
an ordinary piece of sterile gauze being sufficient for the 
mechanical work. Having thus rendered the part aseptic, 
a piece of sterile gauze is placed across the spot to be punc- 
tured, and secured by a strip of adhesive plaster, 

Technic of Lumbar Puncture. — It is beat to perform the 
puncture with the patient sitting on a chair sideways, so 
that the back of the chair is to one side of the patient. 
Place a piUow under the patient's abdomen, pushing it well 
back, and folding the patient's arms across it. Having 
instructed the patient to bend his spine into an arch back- 
ward, the operator runs his index-finger over the spinal 
column in an endeavor to locate the softest spot on a level 
with the posterior superior spines of the ilium. This finding 
of the most suitable point is a matter of training, and is 
more reliable than measurements made with a tape held 
over the spines. When the condition of the patient does 
not permit the use of a chair, the puncture may be done 
with the patient in bed. lying on one side, with his knees 
well drawn up over his abdomen. The more the back of 
the patient is bent, the greater will be the distance between 
the two lumbar spines, and the easier will it be for the opera- 
tor to find the softest spot. Having found the spot, a slight 
impression is made over it with the thumb-nail (previously 
rendered sterile). 

The needle to be used shoidd be made of flexible and not 
of rigid material, as cases are on record in which the needle 
broke and had to be dissected out. The one commonly in 
use is about II cm. long and of 1 to 1.5 mm. bore.' It is 
provided with a stilet, which is withdrawn when the canal 
is reached. In neurotic patients it is safest to anesthetize 
the puncture spot with ethyl chlorid. The needle is in- 
serted with a sudden thrust, exactly in the center, and 
straight forward. By going to one side and directing the 
needle-point toward the patient's left one frequently en- 




Kg. 1. — Skplelal relations of t.hi- lumhiir puncture. Nolo the eom- 
^lutivclv larger space beCwwn the thirii and fourth lumbar spinea. 
The " soft apot " Is usually to be found in ihis region. 
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RACHICENTESIS 21 

counters obstacles that are not met when the median line 
and a straight thrust are used. It is sometimes desirable to 
ascertain the pressure of the spinal fluid; in such case an 
ordinary 3 nmi. tube, bent into a \J, with a small straight 
limb provided with a piece of rubber connecting tubing is 
employed. The long arm of the U tube is about 90 mm. 
long; the short tube, 30 mm. Before using it it should be 
filled with mercury up to 30 cm. A centimeter scale may be 
attached to it, and the rise of the merciuy colunm measured 
after the cerebrospinal fluid begins to flow. Having ob- 
tained about 6 to 8 c.c. of fluid, the needle is quickly with- 
drawn, and the point of puncture covered with a strip of 
adhesive plaster. It is advisable to collect the cerebrospinal 
fluid in two test-tubes, in case the first tube shows blood 
contamination. Occasionally one is unable to obtain spinal 
fluid even when there is no doubt as to the needle being 
properly introduced into the subarachnoid space; this fact 
was determined by W. M. Leszynsky, who, having introduced 
a needle and entered the canal in the fourth space without 
obtaining spinal fluid, demonstrated the fact that a dry 
tap was the cause of the non-appearance by introducing 
salt solution through a needle introduced in a space higher 
up, which appeared through the needle that was left in situ 
in the previous puncture. 

Phenomena Attending the Puncture. — It sometimes hap- 
pens that, on withdrawing the stilet, the operator finds that 
no fluid issues forth; if the patient is instructed to take a 
deep breath, and no result is obtained, one of three things 
is at fault: either the needle has not gone deep enough or 
it has gone too deep (lodged in the intervertebral fibrocar- 
tilage), or else it has become clogged by a fibrin plug or by 
some substance detached by the needle during its transit from 
the skin to the subarachnoid space. In the first instance, and 
provided the direction of the needle is correct, a little further 
advance of the needle will cause the fluid to flow; in the 
second instance, withdrawing the needle will have the de- 
sired effect; when the lumen is obstructed, it is permissible 
to reintroduce the stilet and dislodge the occluding material. 
When blood is obtained with the first attempt, it is advisable 
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not to attempt puncture again, as most likely the fluid b 
contaminated, and is no better on a second trid than on the 
first. It is a peculiarity of some patients sufFering from 
tabes or general paresis that the introduction of the needle 
is hardly appreciated. It sometimes happens that the 
needle strikes one of the nerve-filaments in the cauda equina 
bundle; this is followed by a more or less severe pain, affect- 
ing the area of the nerve distribution. There are instances 
on record where death occurred immediately after a lumbar 
puncture. 

After-care of the Patient. — Some patients are so little 
affected by the lumbar puncture that it is hardly necessary 
in these instances to adopt any precautions whatever. 
It is, however, better and safer practice to keep the patient 
in bed at least overnight, where, if necessary, he can be 
seen by the doctor. Other patients, again, suffer from 
severe headache which may last over a week. Lowering the 
head, mild sedatives, an ice-bag, or any similar simple pro- 
cedure often suffices to overcome this after-effect. If it does 
not abate, it is safe to give in one dose 40 gr. of sodium 
bromid, together with 20 gr. of iodid of potassium. If 
necessary this may be repeated in four hours. On the 
other hand, patients of a h^-steric temperament are likely 
to suffer longer and more severely; such indiWduak may 
vomit or develop a ner\'ous diarrhea and be otherwise 
miserable. 

Di^KMHd of the Obtained Fhiid. — k great deal depends 
upon the care the fluid receives after it has been withdrawn. 
As the chief purpose of the puncture, in the majority- of 
instances, b to aid in diagnosis or measure the prepress of 
treatment, a fluid that is {daced in the refrigerator over- 
night or for twenty-four hours may at times undergo a 
diange sufficient to alter its entire composition. The best 
procedure is to count the ceUs within an hour of the with- 
drawal of the fluid; it seems that, when left overnight, some 
fluids suffer great!}', so far as the ceH count b concerned. 
It b not altogether safe to add a few drops of formalin (4 per 
wot.) to the fluid, as such a procedure ma>', in some fluids, 
produce anticomplementary properties and thwart the result 
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of the Wassermann reaction. For bacteriologic purposes, 
the utensils employed should, it is needless to say, be per- 
fectly sterile. In fact, for such work the entire procedure 
must be more carefully performed: the operator's hands 
must be treated as for an operation; the patient's back 
must be thoroughly cleansed; the test-tubes should be sterile 
and dry, and the fluid preferably submitted at once for bac- 
teriologic analysis. If placed in the ice-chesty and with the 
addition of a few drops of a 1 : 3000 tricresol solution, cerebro- 
spinal fluid keeps fairly well for the Wassermann test for 
three to four days. 
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GENERAL CONSIDERATIONS OF THE SPINAL 

FLUID 

PHYSICAL PROPERTIES 

NormaUy, the color of cerebrospinal fluid is that of 
clear witter. At times the admixture of red cells gives it a 
pinkinh hue, which, ia view of the traumatic origin of the 
blood, need give rise to no concern. It is in such instances 
that the advantage of using two test-tubes becomes ap- 
parent. The fluid has a specific gravity that is not constant, 
and ranges between 1003 and 1009. It is absolutely taatc- 
tesa and odorless. 

In pathologic states the color may be unchanged, and, in 
fact, in the majority of diseased conditions of the nervous 
system the color is not distinguishable from that of normal 
fluids. It is not at aU impossible for blood or its products to 
find its way into the subarachnoid space after a cerebral 
hemorrhage, provided, of course, that the meninges were 
involved in the bleeding; experience teaches, however, that 
such admixtures are quite rare, and that blood products 
are more frequently the exception than the rule in cerebral 
hemorrhage. As will be seen later, the change in color is of 
significance in certain conditions, and consequently it be- 
comes important to be able to differentiate between the true 
color of the fluid and that due to the accidental admixture of 
blood which is sometimes unavoidable; in such instances the 
color due to cellular admixture is excluded by thorough cen- 
trifugalization. I have obser\ed that some fluids, besides 
giving an intense protein excess reaction, also show a slight 
yellowish discoloration, no deeper in color than ordinary 
cedar oil (xanthochromia). Mestrezat distinguishes three 
forms of xanthochromia, according to its origin: (1) Origine 
serochromique ; (2) origine hemolj-tique; and (3) origine 
icterique. In the majority of instances such fluids came from 
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paraplegic patients; I do not wish to ascribe this pecuharity 
to tumors of the cord or brain, although this abnormity 
was chiefly encountered in cord tumors, but would prefer 
to leave the pathologic significance of this most interesting 
finding for future observers to decide. At present much 
new matter is being obtained by the safer operative pro- 
cedures, showing us in the living subject the cause for such 
deviation from the normal; I must say, however, that where 
the laboratory advanced the possibility of a tumor of the 
cord, the clinician having made this diagnosis before, the 
subsequent operation did not reveal such a condition. In 
one instance there was an endothelioma with cysts. In a 
few instances all that was obtained was a purplish discolor- 
ation of the roots of the cauda equina. 

Aside from the color, the transparency of the fluid at times 
suffers from pathologic admixtures. Instead of the clear 
watery liquid, one sometimes, although rarely, withdraws 
a turbid, cloudy fluid that, in the majority of instances, is 
due to cellular admixture. This is sometimes obtained in 
severe purulent affections of the meninges of the brain or 
cord. That pure pus may be found is a possibility, though a 
rare one. 

The changes observed in the pressure varj' to such an 
extent, even in normal individuals with intact nervous sys- 
tems, that it is hardly permissible to ascribe any great sig- 
nificance to its variations. Some tabetics show an increased 
pressure, whereas others do not; in fact, in some it is below 
the normal. It is, howe\er, important to know to what ex- 
tent the fluid can be withdrawn; in this instance the pressure 
serves as an index. If the pressure has fallen greatly below 
normal, in the sitting posture, and witli the use of the water 
manometer, — less than 100 mm., — then the danger mark is 
near at hand, and one ought to be prepared to inject normal 
sterile saline solution to replace the fluid withdrawn. Such 
a procedure was found necessary when a solution of magne- 
sium sulphate was injected into the subdural space to over- 
come the spasticity of the lower extremities. The respira- 
tions in this patient fell to 8 or 9 a minute. Some interesting 
facts are being elicited in the diff'erences in pressure in 
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attacks of epilepsy, but up to the present time (1913) no 
definite clinical benefit could be derived from this knowledge. 
Concerning the specific gravity of fluids in pathologic 
conditions, such as meningitis or hemorrhage, the increase, 
if present, is due entirely to the protein excess and to the 
number of cells, and is proportionate to the increase of these 
two factors. 

CHEMICAL CHARACTERISTICS 

The reaction of the normal spinal fluid is slightly alkaline, 
and contains a little over 1 per cent, of solid matter. It is 
capable of reducing Fehling's solution, which reaction, ac- 
eonling to Mott, is due to the presence of glucose. Of the 
basic elements, potassium is to be found in greater quantity 
tlian sodium, chiefly in the form of the salts of phosphorus. 

The protein matter that is alwaj-s found in traces in nor^ 
mal cen'bn)spinal fluids consists chiefly of globulin and 
albumoHc. Halliburton demonstrated the presence of 
traeeft of cliolin in normal cerebrospinal fluids. This sub- 
Htancv ia u product of decomposition of cerebrospinal nerve 
matter, and is derived from the breaking down of lecithin 
and cephalin, In some fluids traces of lactic acid may be 
found. 

Methods of Protein Determinadoa. — Before considering 
the occurreno? of protein excess, it is essential, first, to con- 
sider the methods of its detection and quantitative deter- 
mination. This is ver>- important for clinical purposes, 
especially as some methods give an excess, whereas others do 
not. This must be determined before a conclusion can be 
arrived at us to the significance of an excess in the work of 
an experimenter who reports this finding. The various 
methods for tlie determination of protein in the spinal 
fluid are about the same as tliose for the finding of this sub- 
stance in other media. These methods, however, had to 
be modified for cerebrospinal fluid work, and others had 
to be devised for this purpose. Aside from the various 
tests of complex nature which are not suitable for the clin- 
ician, a few of these, however, on account of their simplicity, 
lend themselves to the needs of the practical physician. It 
is these tests that are, I believe, of interest here. 
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The much discussed Phase 1 Teadion consists of the addi- 
tion, to the normally reacting spinal fluid, of an equal quan- 
tity of neutral ammonium sulphate solution. This is a 
saturated chemically pure ammonium sulphate solution 
in hot water. The Phase 1 reaction of Nonne is said to 
be positive when, three minutes after the addition of the 
ammonium sulphate solution, a turbidity takes place. 

In detail, the reaction of Nonne and Apelt is performed 
as follows: 2 c.c. of cerebrospinal fluid are mixed with an 
equal quantity of a neutral saturated solution of ammonium 
sulphate (purissimum, Merck), and compared, after tliree 
minutes, with another tube containing spinal fluid only; 
if there is no difference, or only a verj' faint opalescence, the 
reaction is considered aa negative. If there is an opalescence 
or a turbidity, the reaction is said to be a positive Phase 1. 

Zaloziecki, in performing the Nonne-Apelt reaction, uses 
only 0,5 c.c. of cerebrospinal fluid, carrying out the test in 
smaller test-tubes. I agree with him in the use of a smaller 
amount of fluid, ss it does not in the least alter the result 
of the test, and leaves the remaining fluid for other reactions, 
such as the cell count, the Wassermann reaction, the gold 
solution, the Fehling reaction, etc. 

A positive Phase 1 was considered by Nonne and Apelt as 
significant of a globulin excess, and also as evidence that the 
fluid was obtained from a patient whose nervous system was 
not normal. As Phase 2 was considered the appearance of a 
turbidity in normal fluids on the addition of heat and acetic 
acid. Owing to the uncertainty of reading the end-results 
with this method, its clinical application, so far as a globulin 
excess is concerned, is less popular than other methods in 
vogue. 

The Hoss-Jones method is a ring test, using ammonium 
sulphate as the precipitating reagent. Carefully float 1 c.c. 
of cerebrospinal fluid over 2 c.c. of concentrated ammo- 
nium sulphate solution; when a ring of hair-like fineness is 
obtained after three minutes, the reaction is considered to 
signify a globulin excess. This test is better suited for 
clinical purposes, as the end reaction is more constant, is 

s influenced by individual interpretation, and is sharper. 
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Ross and Jones consider the importance of estimating the 
thickness of the ring, the time of its appearance, and the 
performance of the test with diluted fluids. 

The Nogvchi method, which is very popular in America, 
^ves very satisfactory results. Its technic is as follows: 
To 0.1 c.c. of cerebrospinal fluid add 0.5 c.c. of a 10 per cent, 
solution of butyric acid in physiologic salt solution. Boil 
this for a short time, and quickly add a quantity of a normal 
solution of sodium hydrosd equivalent to the amount of 
cerebrospinal fluid used. After this the mixture is boiled 
once more for a few seconds. An increase of protein matter 
is characterized by the appearance of a granular or flocculent 
predpitate, which gradually settles to the bottom of the 
tube. The greater the excess, the more pronounced is the 
predpitate. If tlie amount of protein matter is very small, 
the precipitate does not appear until after standing for two 
hours. Such results are not considered as an excess. Al- 
though very well adapted to qualitative work, this method 
does not ^ve a suiBciently accurate gage regarding the 
quantitative relations of the excess. 

NissVs qualiiaiive demonstralion of globvHv is made with 
a cold saturated solution of ammonium sulphate; his quantiv 
tative method entails the use of a centrifuge, after the addi- 
tion of Esbach's reagent to the spinal fluid. 

Stppy and Moody used colloidal gold, after the Lange 
fashion, and reported results that compared very favorably 
with those obtained with the Nonne method. 

The mfihod of Lange is performe<l as follows: Four solu- 
tions are prepared: (1) A 1 per cent, gold chlorid solution in 
very carefully distilled water, using absolutely' clean utensils 
throughout; (2) a 2 per cent, potassium carbonate solution; 
(3) a 1 per cent, formaldehyd solution; (4) a 10 per cent, 
sodium chlorid solution. These solutions may be kept in 
stock, and are used from time to time to make up the indi- 
cator. 

Preparation of the Gold Solution Indicator, — Into a 
1000 c.c. flat-bottom flask of best Jena glass place 500 c.c, 
of freshly and doubly distilled water. The apparatus used 
for the distillation should not have rubber connections com- 
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ing in contact with the steam nor with the water. Add to 
500 c.c. of the water 5 c.c. of the carbonate solution, and 
place on a ^vi^e gauze for rapid boiling. Half a minute 
after the addition of the carbonate solution add 5 c.c. of 
the gold chlorid solution, and permit the mixture to boil 
up quickly, using two Bunsens. As soon as the first 
bubbles of ebulition appear, remove the flask from the 
flame and add gradually 84 c.c. of the formalin solution; 
shake all the time in a rotary fashion until the fluid 
becomes a deep cherry red. The best way to control 
the color is as follows: In an ordinary S-inch test-tube 
place 15 c.c. of -^ normal sodium hydroxid solution; 
add 0.2 c.c. of a 0.5 per cent. Congo red solution and 
0.3 c.c. of a 1 per cent, alizarin solution. The intensity and 
the nuance of the color in the test-tube as viewed by trans- 
mitted light correspond exactly to the depth and color of 
the indicator in the flask, viewed in a similar way. The 
resulting solution should be absolutely clear — so clear that 
ordinary newspaper print can be read through it; it should 
not give rise to the formation of a bluish deposit of gold on 
the sides of the vessel after a few days' standing. Although 
the solution keeps fairly well, I prefer the use of freshly 
prepared solutions. Solutions with a yellowish shimmer 
should be discarded. 

Performance of the Test.^Into each of 10 test-tubes place 
the salt solution made up to 0.4 per cent, freshly, from the 
10 per cent, solution. Each tube with the exception of the 
first one receives 1 c,c. of the salt solution. Test-tube No. 1 
receives 1.8 c.c. of the salt solution. Into tube No. 1 place 
0.2 c.c. of the spinal fluid to be analyzed. Mix, and remove 
1 c.c. of the fluid. Place this into tube No. 2, and continue 
the procedure until each tube receives a gradually weaker 
dilution of spinal fluid. Now add to each tube 5 c.c. of the 
gold solution indicator and mLx well at once. Let the fluids 
stand for twenty-four hours at room temperature and then 
examine. A clear solution indicates a positive reaction. 
The gradation of colors is from an absolutely colorless to a 
red fluid. The first is marked as 5; the latter, as 0. 

Kaplan's Method. — In my laboratory the procedure used 
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IH aH follows: Into a test-tube 1 cm. wide and 8 cm. 
loni; are placed 0.5 c.c. of the spinal fluid to be analyzed. 
It is heatcHJ until it boils up twice; then 3 drops of a 5 per 
cent, solution of butyric acid in physiologic salt solution are 
added, followed immediately by 0.5 c.c. of a supersaturated 
ammonium sulphate solution and the fluid set aside for 
twenty minutes. In adding the ammonium sulphate solu- 
tion care must be taken to allow it to flow under the solu- 
tion and not to mix the test-tube contents. 

After about twenty minutes an excess manifests itself in 
the form of a tliick, granular, pot-cheese-like ring. When 
no granular thick ring forms, the fluid may be regarded as 
nonnul. Kvery fluid that shows the ring just described is 
furtluT testtnl as to the intensity of the excess. For this 
puriK)Ht» four other tubes remve each 0.1, 0.2, 0.3, and 0.4 c.c. 
of spinal fluid rt^spectively, and each in turn is brought up 
to tlie 0.5 c.c. mark with distilled water. The same procedure 
is followtnl as for the first tube. The tubes are set aside for 
twenty minutes and readings then taken. The quantity of 
pn>tein matter |H*rmitting a ring to appear in the tube con- 
taining only 0.1 c.c. of spinal fluid is designated as 0.1 excess, 
and marks tlie greatest degree of increase. Pig. 3 shows 
a 0.4 ex(*ess. The chemical changes to be obser\'ed in patho- 
K>gic fluids vary in different diseases and in different forms 
of tlie same disease. It is to be remembered, at the begin- 
ning, that no hanl-and-fast laws exist for the finding of 
abnormalities in pathologic fluids, and that if one ad- 
hert^ tix> cli>sely to the significance of laboratory data 
and disreganls clinical findings, he will sooner or later be 
letl into ern>r. 

Zaiossitx'ki rtwunmends highly the Pandy reactioriy whidi 
he iHTfonus as follows: From 80 to 100 c.c. of acidum 
i*arbiJicum liquefactum purissimum are brought up to 1 
liter with distilleil water. The mixture is shaken thoroughly 
and plai*eil in the incubator for a few hours. After complete 
i^arifii'Htion at nx>m temperature, which requires several 
days, the dear supernatant fluid is removed and used as the 
reagent. It should be kept at room temperature and evapora- 
tion avoided, as both tend to render the reagent opaqiK. A 





Fig. 3. — ^The writCT'a inethixl i>f eatimation of a protein t 
The above ahows an excess obtained in the tube containing four-tenUia 
of a cubic centimeter of spinal fluid and one-tenth o( water, i. c, a 
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drop of the fluid is permitted to trickle down the side of a 
watchglassful of the reagent. The fluid must be free from 
blood and centrifuged before using. A mild reaction is char- 
acterized by the appearance of a cloudiness in the liquid; a 
strong reaction shows a white precipitate. The finer results 
must be viewed over a dark surface. This reaction is chiefly 
produced by globulins, but may also be obtained with albu- 
min in fluids containing a sufficient salt content. 

As was previously stated, the admixture of blood products 
will alter the color of the fluid; besides this, such constituents 
will also change the qualitative as well as the quantitative 
relationship of the chemistry of the fluid. Hemorrhages 
into the nervous apparatus, permitting blood to appear in 
the fluid, although not giving it a distinctive discoloration, 
may be detected by the different sensitive chemical tests. 
In using benzidin, one must be extremely careful not to 
allow his hands to come in contact with the fluid, as per- 
spiration, even in traces, is capable of giving the reaction. 
A yellow discoloration of the fluid is at times obtained in 
icteroid states. A pale, cedar-oil color is sometimes obtained 
in cases of spinal cord compression. In one instance it was 
believed that the color was due to cystic fluid, the needle 
having entered the cyst. Upon operation it was found that 
an enormous endothelioma encircled the cord for about 9 
inches, filling the entire vertebral canal; the tumor showed 
many cysts containing the same colored fluid as the speci- 
men obtained by lumbar puncture. It is of interest to note 
that the fluid almost congealed upon boiling. It is not at all 
improbable that the color is a blood product, as the fluid in 
the case just cited gave a Berlin-blue reaction. In uremic 
states the quantitative relationship of urea in the fluid is 
thought to be proportionate to the increase of this substance 
in the blood. As the presence of cholin in the spinal fluid was 
demonstrated in normal states, and as its quantitative 
determination involves considerable technical experience, 
this finding loses in importance for the reasons just given. 

In diabetes the sugar content may increase markedly in 
the spinal fluid. In dementia prsecox this constituent is 
greatly reduced in quantity. In two cases of diabetic coma, 
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one in a girl of sixteen and another in a youth of seventeen, 
I was able to obtain marked acetone and diacetic add reac- 
tions with the ordinary cliemical teats. 

Of the drugs that enter the spinal fluid after their ad- 
ministration die foremost and the earliest studied is uro- 
tropin. In some meningitides iodin can be detected after 
its administration. After prolonged narcosis chloroform was 
found, and some obser\'er8 demonstrated the presence of 
alcohol in. cases of acute alcoholism. Wechselmann, Zalo- 
ziecki, Sicard, and Bloch were able to demonstrate arsenic 
in the spinal fluid after the injection of salvarsan. They 
used the Marsh metliod and the cultural method of Abel. 
(Cultures of Penicillium brevicaule give a distinct odor of 
garlic with miuutest traces of arsenic.) In a search for 
arsenic in patients similarly treated I was able to demon- 
strate the presence of arsenic in a number of spinal fluids. 
These tests were performed from two da>s to two weeks 
after the last intravenous injection of salvarsan and neo- 
salvarsan. The inherent odor of the bread culture of the 
fungus is so strong in itself that one must possess the \-ery 
finest sense of smell in order to be able to demonstrate a faxat 
trace; in some instances an extraneous odor may give oae 
the impression of garlic. 

The ob9er\"ation of Pappenheim, that some fluids from 
patients with general paresis contain a leukotoxic sub- 
stance, is interesting from an immunity standpoint. 

CYTOLOGY 
GcDeial Morphologic CoDsiderations in Nonnal Fluids. — 
In the majority of instances the small l>"mphoc\te is the chief 
constituent of normal spinal fluids. Here and there one may 
find a cell with a tail-like prolongation that, in mj- opinion, 
has no special significance, as it may be found in normal as 
weJI as in patholc^c fluids. As a result of an unsuccessful 
puncture the normal hematologic constituents may find 
their way into the spinal fluid. This occurs at times Pf^rd- 
less of the care and the experience of the operator who makes 
the puncture. At times the admisture is so sUght that these 
findings may be disregarded, and the general morphologic 
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picture may in such instances be accepted as the true ex- 
pression of the condition of the cerebrospinal fluid. At other 
times, when much blood is accidentally obtained, no definite 
conclusion can be arrived at because of the admixture. 

The normal quantitative limits vary with the worker's 
method. In fact, the laboratories using the Fuchs-Rosenthal 
chamber are at variance as to the normal limits of the cell 
count. In view of the meager knowledge of the normal 
physiologic limits, such as the change in the cell count after 
a hot or a cold bath, after massage, during gestation, etc., 
one is compelled to be verj' conser\'ative regarding the ap- 
proidmateiy true limit of the cellular content in the spinal 
fluid. In my experience, the maximum normal count can be 
placed at 8 per cubic millimeter. Regardless of the care exer- 
cised by French workers usmg the centrifuge method, their 
quantitative conclusions are not neariy so definite as are the 
opinions of those who use the counting chamber and pipet. 

General Moiphologic Considerations in Pathologic States. 
— Tliat morphologic admixtures may be found in spinal 
fluids that belong among the curiosities of medicine can- 
not be denied; in this work only the usual cells encountered 
in conditions that are acceptedly pathologic will be dealt 
with, and where it is possible to attach a clinical significance 
to a given cell form, such opinion will be expressed. As 
previously stated, the majority of cells found in the spinal 
fluid are small, poor in protoplasm, and intensely baso- 
philic l>-mphocytes. The nuclei of these cells are usually 
round, but may at times show a slightly oval contour. 
The protoplasm may seem to be entirely absent, and at 
other times may show a slight accumulation at one pole of the 
cell, or surround the nucleus with a narrow margin of lighter 
staining cell protoplasm. These small lyraphocj-tes are 
smaller, as a rule, than the ordinary red blood-corpuscles, 
viewed with the same power lens; those that are lai^er and 
show more protoplasm may be considered as large lympho- 
cytes. The differentiation between the small and the large 
has no special clinical significance, the former being present 
in much greater quantities than the latter. 

One frequently finds, in pathologic fluids, cells that do not 
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take up the stain with their usual avidity for bases. It 
would seem that these cells have lost the power of ab- 
sorbing the dye, and hence one may consider them as ele- 
ments whose life is on the decline, cells that have served 
their puipose, and do not functionate any longer. Such 
cells may be found even in normal fluids, and tend to indi- 
cate the aging of the lymphocyte. It ia to be observed 
that when a fresh meningeal irritation is present, the small, 
intensely basic lymphocj-tes predominate; the same fluid, 
obtained some weeks later, will show a generous admixture 
of the large forms plus the above-described poorly stain- 
able small cells. 

It is important for the worker with but a moderate ex- 
perience to carry away with him a definite picture of these 
poorly staining cells, as it is frequently difficult to differen- 
tiate them from the slightly degenerated red blood-cor- 
puscles that may be present in the same specimen. The old 
lymphocyte studied with the No. 6 lens is no larger than 
Uie red cell, but upon focusing shows a definite flatness; its 
entire body appears to be covered with small dots, which 
are not grannies, but protoplasmic corrugations the points 
of which lend the imprcs^on of dots. The red cell is at 
once apparent by its gradual disappearance upon focusing, 
showing difi'ercntly refracting rings as the cell di3api>ears 
from view, the result of its biconcave nature. If the red 
cells are very old (degenerated) and ha\e lost their bicon- 
cave form, they may. nevertlieless, be distinguished from 
the old lymphocjtes by the complete absence of the dotted 
appearance just described. Another feature is the color: 
the red cell tends to assume a pinkish hue, whereas, no matter 
what tlie age of the h-mphooj-te. its former affinity for ba^c 
dyes is still apparent in its tendency to stain gray. 

An increase of Ij-mphocjles may be observed whenever 
an irritation of the meninges b present. The amount of 
increase is dependent upon the degree of the insult. It is, 
therefore, commonly obser%'ed in all meningitides and in dis- 
eases ot the meninges that are primarily or secondarily in- 
volved in luetic processes, such as tabes, cerebrospinal sj-philis, 
and general paresis. It is reasonable to assume that in the 
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more active manifestations of these diseases a greater variety 
of cells and in greater numbers are present. To attach diag- 
nostic or pathognomonic significance to any special cell form, 
with the exception of specific tumor cells, is theoretic and 
not borne out by proof. One variety of cells, however, the 
plasma cells of Alzheimer, deserve special mention and de- 
scription. These are large cells, with a nucleus that stains 
very intensely with appropriate methods, showing marked 
chromatin staining. The protoplasm is apparently finely 
granular, and shows a tendency to fighter staining in the 
neighborhood of the nucleus. The method of obtaining 
this cell form, as described by Alzheimer, is as follows: 
The cerebrospinal fluid is treated, preferably imme- 
diately after withdrawal, with 96 per cent, alcohol; about 
3 to 5 c.c- are placed in a centrifuge tube and allowed to 
rotate for about one hour at 1000 to 1200 revolutions a 
minute. At the end of this time all protein matter will be 
observed to have collected at the bottom of the tube, and 
with it, of course, also the cellular elements. At the end 
of one hour the 96 per cent, alcohol is replaced by absolute 
alcohol, then by ether alcohol, and lastly by ether, at in- 
tervals of thirty to forty-five minutes. The precipitated 
mass of protein matter is disturbed as httle as possible after 
the alcohol centrifugal! zation, and carefully placed in a 
clean container with the other media. The hardened sedi- 
ment is next placed first in thin and then in thicker celloidin, 
and after the latter is sufficiently hardened, is ready for 
cutting. The sections are made about 15 micra thick. 
The celloidin is dissolved in methyl-alcohol, and the specimen 
stained with the solution of carbol-methyl green-p\Tonin of 
Unna-Pappenheim. The staining should not last longer 
than a few minutes, and be applied with gentle heat, until 
slight steamiuR is observed. The specimen is then treated 
with water; 95 per cent, alcohol; absolute alcohol, each for 
a few seconds; next the specimen is transferred to xylol, 
and lastly it is embedded in Canada balsam. If the fiuid 
is very poor in protein, it is advisable to add a drop of clear 
albumen, mix the fluid thoroughly, add the alcohol, and 
centrifuge. 
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According to the view of Alzheimer and those who worked 
with him, the finding of plasma cells in the spinal fluid is 
highly suggestive of general paresis. It must, however, 
not be forgotten that many cases of general paresis do not 
exhibit these elements in the fluid; besides this, it 13 not at 
all rare to find them present in cerebral lues. To place 
special significance because of this on a particular cell form 
is, in my opinion, unsafe. 

Many other morphologic forms are to be found in the 
spinal fluid, such as large cells with eccentrically placed 
nuclei, large cells (plasma cells) with tails, cells with over- 
lapping nuclei (neutrophiles?), etc. Of special interest in 
this connection is the leukocj'te. From a hematologic 
standpoint, this term covers the three forms of granulo- 
cytes— the eosinophile, the neutrophile, and the basopbile 
cells. The eosinophilic leukocyte is found but rarely in the 
spinal fluid, and then only when the fluid contains a large 
number of leukocytes, as in a very active acute meningitis, 
when the presence of blood, accidentally or pathologically, 
will sometimes disclose an eosinophile or two in the fluid. 
The basophile is rarely found In the fluid, and if present, it 
is usually the result of the same factors that are responsible 
for the presence of the eosinophile. The neutrophilic leuko- 
cyte is, on the other hand, a very common and important 
cell found in the cerebrospinal fluid. It may be seen in all 
acute forms of meningitis, such as tuberculous, purulent, 
epidemic cerebrospinal, and in abscesses that invade the 
subarachnoid space. In acute forms of cerebrospinal menin- 
gitis luetica the presence of these elements is an expression 
of the acuity of the inflammatory process; they gradually 
diminish in number as the process tends to become chronic, 
and in many instances disappear entirely. The so-called 
polymorphonuclear leukocyte, as seen in the counting 
chamber, shows one or more nuclei, which do not take up 
the stain with the avidity characteristic of the lymphocj-tes 
in their young forms, but appear rather like the old, worn 
elements previously described. This phenomenon is not due 
to age, but to the fact that the neutrophilic nuclei do not, 
as a rule, take up the basic stain as markedly as does the 
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lymphocytic nucleus. Besides these characteristics, the 
neutrophilic cells are much larger than the lymphocytes — 
about twice the size of the red cells encountered in the 
cerebrospinal Suid. 

Some writers give elaborate descriptions of the various 
cellular elements to be found in the spinal fluid, using the 
schemata elaborated by Pappenheim, and describe neutro- 
philic and eosinophilic leukocytes, microlj-niphoc,vte3, micro- 
lymphoidocytes, lymphoidocytes, large monocytes, endo- 
thelial cells, plasma cells, and daughter plasma cells. As 
there is no special benefit to be derived from so elaborate 
a classification, and as the search for these elements con- 
sumes much time, I will not enter into a detailed descrip- 
tion of this cj-tologically interesting subject which was 
worked out by Szesci, 

Origin of the Cells in the Spinal Fluid.— The origin of the 
cells found in the cerebrospinal fluid is by no means a settled 
point. Some workers claim that all the cells found in the 
cerebrospinal fluid can be traced back to the blood, and 
others that the cellular elements have a dual origin, some 
being histogenetic, others hematogenetic. That the last is 
the best contention will appear from the following exposition 
of the subject: It is to be admitted that, tinctorially, most 
of the cells correspond to the elements to be found in the 
blood. The granulocytes, with their specific granules, defi- 
nitely prove their relationship to the similarly stained cells 
in the blood. On the other hand, careful histologic studies 
of the meninges in general paresis disclose marked infiltra- 
tions with plasma cells, which are widely different from any 
cells to be found in the blood. Besides these plasma cells, one 
often finds large cells with various nuclei, apparently collected 
during their Fojourn in the spinal fluid. These cells are ap- 
parently macrophages of the spinal fluid, and ser\e as scav- 
engers. They originate in the meninges, and are apparently 
sent into the fluid circulation in response to a call which is 
always some irritation, be it traumatic, chemical, or morpho- 
logic. These macrophages, stained by the .\lzheimer method, 
frequently show in their protoplasm remnants of old red 
cells, portions of dead lymphocj-tes, and debris that has 
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lost all distinctive landmarks. Pappenheim is of the opinion 
that the cells in the fluid are purely hematogenous, and be- 
lieves that the fact that their tinctorial properties differ 
from those in the blood is to be accounted for by the change 
a sojourn in a foreign medium would effect. Szesci, on the 
other hand, advances the opinion that the great majority of 
cells in the fluid are histogenetic, and that their origin may 
be traced back to a focus in the meninges that show a similar 
cellular infiltration; in short, that the pleocytosis is an 
expression of a cerebrospinal peri-artcritis. Fischer asserts 
that the pleocytosis obtained is only expressive of a menin- 
geal irritation somewhere in the neighborhood of the punc- 
ture, and that the greater the number of cells obtained, the 
nearer to the site of puncture is the meningitis. Plaut's 
efforts, however, show that the fluid obtained at higher 
levels corresponds exactly, so far as the number of cells is 
concerned, with the specimens obtained from lower portions 
of the spine. These investigations were carried out with 
the aid of the counting chamber. 

In order definitely to settle the dual origin ot the spinal 
fluid cells it is only necessary to take into consideration 
the large fibroblastic elements. These cells are the largest 
to be found in the fluid; they possess a large nucleus, which 
stains poorly, and may contain one or two chromatin accu- 
mulations that may assume the appearance of nucleoli. 
One may at times find a fibroblast with two nuclei. The 
most marked differentiating feature is the cell-body; this 
is usually prolonged into a spindle form with fusiform ex- 
tremities; at times a cell with two tails is seen. That such 
cells are not to be found in blood is not to be denied. It 
is safest to assume that cells, such as the l^TDphocj-tes and 
granulocytes, are hematogenous in origin, whereas the lai^ 
fibroblastic elements, the plasma cells and their derivatives, 
are histogenic in origin. We know that all these elements 
are to be found in the pia, and the changes a cell may 
undergo when once it reaches the fluid is still an unsettled 
point that will require much investigation before a definite 
conclusion can be arrived at. 
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HzTHODS OF Cell Counting 

The French method of counting cells in the spinal fluid will 
receive only brief mention, as it is now only of historic in- 
terest. Three or 4 c.c. of the spinal fluid are placed in taper- 
ing centrifuge tubes and permitted to centrifuge at the rate 
of 1200 a minute for forty-five minutes. The centrifugaliza- 
tion over, the tubes are next emptied and placed on filter- 
paper, upper side down, so that a3 little fluid as possible will 
trickle down the sides of the tube. Without turning the 
tube right side up the smalt, grayish accumulation of thrown- 
down cells are sucked up with a very fine capillary pipet. 
The cells are next spread upon a clean, dry slide in three 
equal drops. The drops are dried in the air, fixed for ten 
minutes in absolute alcohol, and stained with methjlene- 
blue in the ordinary way for about ten minutes, washed, 
dried, mounted, and examined. The difficulties of this 
method are manifold : first, one does not always obtain the 
same quantity of fluid; this could, of course, be overcome 
by taking only 2 or 3 c.c. as a standard, and vigorously 
shaking the fluid before pouring it into the centrifuge tube. 
The second objection is the capillary pipet, which must 
necessarily be of the same caliber {the life of a fine capillary 
pipet at best is not very long). The drying in the air ia 
another feature that ought to be dispensed i^-ith, as such 
treatment of the drop will inevitably distort the cells, making 
the subsequent morphologic analysis difficult. 

The Nissl method, so far as the celt count is concerned, 
is almost the same as the French, and has the same disad- 
vantages. The same idea has been elaborated by Fischer, 
Kafka, and others, but, as previously stated, the drying, 
the uneven sucking up of drops, and the irregularities of 
the centrifuge all introduce objectionable features, and 
hence these methods are not to be recommended. 

The method of AlzheiineT is a purely qualitative one, and, 
when used for this purpose alone, gives very satisfactory 
results. The only correct method for the estimation of the 
number of cells in the cerebrospinal fluid is with the count- 
ing chamber, as described by Fuchs-Rosenthal. The chamber 
of Nageotte is used extensively in France, but permits of too 
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yrcut terror in tho firml renult, besides requiring too much time 
for tlii^ t^Htimation of cells in one fluid. The chamber of the 
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cemed with the use of ordinary 2 per cent, acetic acid in- 
stead of the dye. In my laboratory the methyl-violet stain 
is used not so much as an aid in counting the cells, as it is 
for the purpose of ascertaining which cells are fresh, thereby 
^ving a clue to the age of the cells and the meningitic process 
itself; and, secondly, to determine the rapidity with which 
they disappear after judicious treatment. As a rule, the 
average cell in the ^inal fluid is not a representative of the 
fully endowed functionating lymphocyte or polynudear 
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Fig. 5. — The Fucha-RoBenthoI counting chamber for cerebrospinal fluid. 



cell; the elements found in the fluid are more or less devital- 
ized by a prolonged sojourn in the cerebrospinal fluid or 
represent the noimal expression of wear and tear, with the 
absence of certain characteristics possessed by normal youth- 
ful elements. If a counting chamber with a cellular fluid 
stained with the methy-violet dye is permitted to act on the 
cells for five minutes and then counted, it will be observed 
that the majority of the cells, in a case with a metaluetic 
nervous affection, such as tabes, will show that most of the 
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cells are only faintly colored, and that only here and there are 
elements to be seen that exhibit the necessary affinity for the 
dye, which gives them the blackish-blue color; the remaining 
cells range in depth of color from a very faint gray to a light 
blue. In my opinion the cells capable of taking up the stain 
also possess some of the other qualifications of a cell that 
is still in a position to exercise its functions; whereas the 
pale cell, I believe, is an element incapable of function, and is 
in a stage preceding its complete dissolution. With the aid 
of acetic acid one can, as a rule, determine the nuclear out- 
line of a cell with much greater certainty than with the 
stained fluid. 

The Fuchs-Rosenthal Counting Method. — The diagram of 
the chamber shown in Fig. 5 is 16 mm. square and 0.2 mm. 
deep; in these particulars it differs from the ordinary Thoma- 
Zeiss blood-counling chamber, in that the latter is only 1 mm. 
square and 0.1 mm. deep. The resulting count with the 
blood chamber gives the number of cells in tV nun. of blood; 
the Fuchs-Rosenthal chamber gives the number of cells in 
^ mm. This markedly reduces the errors in counting, as 
the final result is practically one-third of the entire number 
of cells counted. In counting the fluid cells the following 
procedure is employed : The test-tube containing the cerebro- 
spinal fluid is vigorously agitated, which distributes the 
cells fairly equally through the medium. With an ordinary 
white blood-corpuscle pipet the staining fluid is sucked up 
to the mark 0.5, and then vigorously shaken again. After 
permitting the cells to absorb some of the stain, which re- 
quires about three minutes, a large drop is placed on the 
counting chamber, the cover-slip is adjusted, and the speci- 
men is ready for counting. The stain used for this purpose 
is made up as follows: 

Methyl violet 0.05 

Glaci&l acetic acid O.S 

Aq. dest ad 2B.0 

In order to preserve the stoning fluid and to prevent 
the formation of fungi I am accustomed to add a few drops 
of a 10 per cent, solution of phenol. When, in spite of this 
precaution, fungi and bacteria develop, it is best to make 
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up a new quantity of stain. This counting method requires 
very little fluid, consumes but little time, and can be carried 
out at the bedside of the patient. The cellular contour is not 
disturbed in the least, and the morphologic constituents of 
the fluid appear in their unaltered physiologic form. It 13 
to be remembered that the fluid is to be examined as soon 
as possible, — preferably.within one hour after the puncture, — 
as the cell content suffers through standing. 

It is a matter of training to be able to distinguish the 
various cellular tjpes from their appearance in the Fuchs- 
Rosenthal counting chamber; where, however, exactitude in 
determining the morphology of the spinal fluid is an essential 
feature, it is advisable to resort to the fixation and stain- 
ing methods previously mentioned. 

Interpretation of Findings 

The Abnoimal Cell Count. — The classification of Ravaut, 
who employed the French method, does not de3er\e special 
consideration on account of the wide margin of error inherent 
in the counting. Even the improvement of Nissl, who 
counter! the cells in the entire specimen (a very tedious and 
time-consuming procedure), does not give as much informa- 
tion as the counting chamber methods. In my experience, 
the maximum limit for the normal cell count is 8 Ij-mpbo- 
cytes per c.mm. ; the border-line count from 9 to 15 per c.mm. ; 
the pathologic increase, 15 to 60 cells j>er c.mm.; hyper- 
lymphocytosis. 60 to 250 per c.mm.; acute meningitic cell 
count, from 250 to 2000 per c.mm. 

These cell counts are useful chiefly for the establishment 
of pathologic conditions in the meninges; secondly, as an aid 
to gaging the progress of a given remedial agent; in fact, 
the latter use, in my opinion, is the more important one, and 
the one that gives greatest satisfaction to the clinician. 
The border-line count, as all such findings are, be it a ques- 
tionable Phase 1 reaction or a weakly positive Wasser- 
mann test, has no particular significance. Such a result, 
in the hands of a physician who does not know how to weigh 
laboratory reports, will sometimes be provocative of error 
if too much credence is ^ven such a report. In order to be 
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able to determine the cell count in a given spinal fluid 
satjafactorily it is better to perform another lumbar puno 
ture about ten days later, and count the cells again, in case 
the previous counting gave a border-line result. 

In paretic individuals who are in their decline it is cus- 
tomary to find border-line counts; low cell counts are some- 
times seen in cord tumors and in cases ot cerebrospinal 
lues of the endarteritic form. The majority of instances 
in which the pathologic increase is obtained are in tabes, 
particularly in those forms of the disease that yield to spe- 
cific treatment. To this cell count can also be added general 
paresis; in fact, this disease is the representative of the 
small-cell count pleocytosis. Pathologic increase in cells 
(15 to 60) is found in cases of untreated tabes. Properly 
treated cases of cerebrospinal syphilis of the gummatous and 
the meningitic t\T)es exhibit this degree of increase in their 
cell contents after appropriate therapy. The hyperlympho- 
cytic cell count is found in tabes and in the milder forms of 
cerebrospinal syphilis. The purulent meningitides show the 
highest cell counts, and it is in these cases that it is not 
infrequently impossible to count the cells because of their 
number. The acute forms of cerebrospinal syphilis have also 
thdr place in this form of cellular increase; I have observed 
a case in which the cells numbered 1680 per c.mm. The 
lowest of these counts are at times, although but rarely, 
found in tabes. The influence of therapy on the cell count 
in different conditions in which a pleocytosis exists will be 
the subject of a later section, in which, also, the other reac- 
tions, such as the Wassermann test, the globulin excess, and 
the Fehling reduction, will also he considered. 

A few remarks on the bacteriology of tbe cerebrospinal 
fluid: In order to secure an uncontaminated specimen for 
bacteriologic analysis, the fluid must be collected under 
strict aseptic precautions. Everj' utensil or instrument that 
may come fn contact with the spinal fluid must previously 
have been steriliKed. It is also essential, once the fluid 
beg^s to flow, to act as quickly as possible, as undue ex- 
posure to the air may contaminate the fluid and offset the 
resulting cultural work. 
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When a bacteriologic examination Is required, it is best 
to make this alone, leaving other investigations, such as 
blood-pressure and collecting the fluid tor chemical analysis, 
until a future time. It is, however, ad\'isable to note the 
color and the transparency of the fluid as it flows into the 
teat-tube, as it is sometimes possible to exclude a purulent 
process simply by observing the transparency of the fluid. 
When a diagnosis of an acute cerebrospinal meningitis has 
been made, it is best to bring the microscope and staining 
fluid to the bedside of the patient and then and there de- 
termine positi\'ely the existence of such a condition. The 
laboratory worker should bring with him the necessarj- anti- 
meningitic serum, place the same in a vessel with warm 
water, to bring it to the temperature of the body, and if the 
resulting ceil count shows the existence of a meningitis, 
regardless of the bacteriology, which is as yet undetermined, 
the serum should be injected at once, as the delay necessi- 
tated by the growing of the bacteria may permit the disease 
to progress beyond hope of repair. On the other hand, if 
the microscopic analysis shows an absolutely normal spinal 
fluid, one may wait to ascertain the result of bacteriologic 
analysis, and for the time being treat the patient sjmptomat- 
ically. If this method were resorted to more often, fewer 
spontaneous cures of epidemic cerebrospinal meningitis 
would have been reported. 

The search for tubercle bacilli is performed as follows: 
The spinal fluid is placed into a centrifuge tube, and three or 
four absorbent cotton threads are added; this is permitted to 
centrifuge for one hour, at the end of which time the col- 
lected mass on the bottom of the tube is poured into a Petri 
dish over a black surface, and the material enmeshed in 
the cotton threads is carefully extracted and placed on a 
glass slide. The fluid is gently evaporated, and stained by 
the Ziehl-Xeelson carbolfuchsin method. At best, the 
search for tubercle bacilli, even if they are present, is a very 
time-consuming process, and should not be given up before 
the entire slide has been thoroughly examined. This may 
require an hour or two; if the fluid submitted for examina- 
tion does not show a pleocytosis, half an hour is suflicient 
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for the microscopic work. The more painstaking procedure 
is suggested for fluids in which a pleocytosis was foimd. 
Of the microbic invaders of the spinal canal, the most diffi- 
cult to detect is the tubercle bacillus. The other bacilli 
and cocci lend themselves much better for microscopic 
determination. Of these, the pneumococcus shows itself 
to greatest advantage; the Micrococcus intracellularis can 
also be readily detected; the influenza badUus and the 
ordinary pus-cocci show definite microscopic pictures. 
Although the microscopy of a fluid and the finding of the 
invader are frequently sufficient for clinical purposes, one 
should not depend upon the result of such an anal^'sis, espe- 
cially when the exact biology of the microorganism is of in- 
terest. For accurate bacteriologic work, special methods 
are necessary*, requiring the assistance of a trained bacte- 
riologist. The fluid is best collected, under the precaution 
previously outlined, in a Petri dish, adding the nutrient 
medium, blood-agar, glucose-agar, or plain agar, and sub- 
mitting the specimen to the specialist for further elabora- 
tion. In order to be certain that the proper technic and 
subsequent disposal of the collected fluid are properly carried 
out it is best to leave the entire procedure to the bacteri- 
ologist. 



SEROLCXSY 

and Development of the Wassermann Reaction. — 
The work of Bordet and (Jengou, who m 1901 described 
the method of detecting antigens and introduced it into 
practice for many diseases, needs but to be mentioned here. 
By the term ''antigen" is understood any substance capable 
of producing, in a susceptible living organism, a definite and 
specific response; this response is the formation of anti- 
bodies. The natiu^ of the latter substances is still an 
unsettled question, but it is fairly well established that anti- 
bodies belong to the class of amboceptors. The entire reac- 
tion depends upon the mixing of a given antigen with its 
homologous, inactive (heated at 56° C.) inmiune serum and 
complement. In case the immune serum is of homologous 
natiu^ with the antigen, the complement is bound or devi- 
ated; at least it is rendered ineffective for further use. This 
is established by the method introduced by Bordet and 
Grengou, who added a well-washed (serum-free) suspension 
of erythrocytes, together with a definite quantity of a spe- 
cific hemolytic serum, which was also heated to 56° C. If 
the previously introduced complement is deviated or bound, 
no hemolysis will ensue, as no complement remains to com- 
plete the hemolytic reaction. When the complement is not 
deviated, hemolysis takes place and serves as a proof that the 
serum added to the antigen was not of a homologous nature. 
This method, therefore, serves as an indicator as to the ex- 
istence of an amboceptor that may fit a given known anti- 
gen. Taking, as an example, a serum from a case in which 
typhoid is suspected, the following procedm^ would be used: 
The suspected serum is rendered inactive (heated for one 
hour at 56° C.) and placed in a test-tube; to this is added 
our known antigen (Bacillus typhosus); next a given quan- 
tity of complement is added (guinea-pig serum). In order 
to give this combination an opportunity to imite, the mix- 
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ture iH placed in an incubator for one hour. If the serum 
IH that of a typhoid patient (contains the homologous im- 
mune Ixnly), we expect a deviation of complement. After 
au hour*H incubation the erythrocytes, plus their hemolytic 
amb(K*ept()r, are added to the same mixture and the test- 
tube IH again placed in the incubator. If the complement 
in free, a prtH)f that the serum originally subjected to 
the tent did not (H)ntain the homologous antibody, hemo- 
\ym will take plaiv in from fifteen to fifty minutes. If, 
on the other hand, the {)atient had tx-phoid, hemolj-sis, for 
obviouH reasiUiM, will not ensue, lectured diagrammatically, 
the following nrheme is helpful: 



1 \au|)ltHu«^iU 



^ 



Q . .Eryihroc>-t€e 
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Hemolytic 
Amboceptor 



tngfj-d^T. 



'V\\U diagram sho^^-s theoretically- the existing conditiocis 
wluni the )>atieut*s serum contains the immune amboceptor 
lUHVSsary for the biiuting of the complement. If the patient 
iii not svitTeriivg frv>m t\-phoid. and consequently does not 
IH^'Hvi'i the amUnvptor, the foUo^-ing diagrams will tend 
to illuHtrate what happens: 




. . 'IVv^hoki bociUuist 

....Ai^v tuubiH^eptor (,e.\c«pt- 
iug typhoid) 



A 



.Er%-throcvt€9 

.Heiuol>*tic 
Amboceptor 



.Cocnplemefit 



Fig)».^9. 



Heiuot,vsis U the nesult of this combination, and is proof 
that the patient does not suffer frwn t\-phoid fever, as the 
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complement was left free to act on the subsequently Intro- 
duced hemolytic system. 

The next step in elucidating the foregoing phenomenon 
of complement deviation in typhoid was the study of similar 
deviations with various antigens. Wassermann, Neisser, 
and Brack established the fact that apes treated with re- 
peated injections of organic extracts from syphilitics showed, 
in their sera, substances that were capable of binding com- 
plement with organic extracts (antigen?) of syphilitic origin. 
Next, Detre, Wassermann, Neisser, and Bruck, as also 
Schucht, found that the same holds true with sera ob- 
tained from patients who were infected with sjphilis. The 
early results were not very encouraging, as only a small per- 
centage of cases gave this reaction. Citron, however, proved 
that the reaction is rarely obtained in recently infected in- 
dividuals, as well as in old, symptom-free luetic patients. 
A similar absence of phenomenon was observed by him in 
well-treated sj^philitics. This author, on the basis of the 
results obtained in Krauss's clinic, advised the performance 
of the test as a routine procedure in all cases where syphilis 
was suspected. The elaboration of the theoretic part of 
the reaction is due largely to the labors of Forges and Meier, 
Landsteiner, Mueller, and Poetzl, and later to Levaditi and 
Yamanouchi. These workers obtained, with the use of alco- 
holic extracts from syphilitic livers and other organs, very 
satisfactory substitutes for the still but little known syphilitic 
antigen. The contention at that time was that the entire 
phenomenon is an interaction of various more or less complex 
lipoids. Forges and Meier believed that the lipoid bodies 
were closely related to lecithin. Levaditi and Yamanouchi 
again ascribed the antigenic r6ie of their organic extracts to 
bile salts. The experiments of Wassermann and Citron 
showed that, at least so far as animal experimentations 
show, there is no evidence that antigenic qualities can be 
ascribed to lecithin or allied substances. 

These workers also proved that deviation of complement 
can be obtained with such substances as glycogen, albu- 
mose, pepton, lecithin, oil, gelatin, etc., a finding that was 
corroborated by the experiments of Landsteiner and Stan- 
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kovic. These results make it probable that the phenomenon 
of complement deviation is due to a change in the physico- 
chemical relationship of a molecule through the addition 
of another substance, a view also shared by Bordet and Gay 
in thew" conception of hemolysis. 

If tliis is really so, then the interesting work of Seligmann 
finds an explanation — i. e., that the reaction is a physico- 
chemical change of a colloid molecule when another sub- 
stance ("Reagin," Citron) is introduced. This last inves- 
tigator obtained complement deviation with a colloid iron 
hydroxid solution, with emulsions of mastic, with gelatin, 
etc. For the purposes of immunodiagnosls it suffices to 
know that whatever the colloid-like antigen may be, it is 
specifically influenced by homologous immune sera, and 
hence is very useful for the detection of unknown antibodies 
(Reagines). 

At present the application of the phenomenoD of comple- 
ment deviation as a serodi agnostic method for the detec- 
tion of s>-phili3 receives more attention than for any other 
infectious disease, especially since the work of Citron estab- 
lished its significance for lues in general; Wassermann and 
Plaut, as well as Marie and Levaditi, for the presence of 
complement deviating substances in the cerebrospinal jBuids 
of general paretics. 

Tedmic of Blood-takii^. — This procedure, in the hands of 
an expert, is accomplished in not more than one or two 
minutes from the beginning of sterilization to the finished 
bandaged, punctured arm. One who has no experience, 
however, will frequently lose much time and, in the end, 
have secured no blood for analysis, and, besides, the patient 
will have a bruised and aching arm. For these reasons it has 
been deemed well to describe the technic fully, and show how 
an apparently difficult puncture can be easily and success- 
fully made. Special apparatus are unnecessary, and the 
method does not require a special procedure; the essential 
points to know are how to handle a vein and to become 
acquainted with the peculiarities of veins in general. The 
area of the puncture is first inspected ; in my practice I prefer 
to use the left arm, for the simple reason that the vein selected 
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runs in the line of the needle puncture, i. e., from right to 
left and upward, which is exactly the direction of the thrust 
of the needle's point in right-handed operators. The in- 
spection should take in the general contour of the arm, and 
especially the bend of the elbow. The bend is carefully pal- 
pated, in case there are no visible veins, and if none are to 
be felt upon palpation, it is advisable to exert a sUght pres- 
sure two to three inches above the bend. Sometimes the 
veins are so deeply situated that a tourniquet must be ap- 
plied before the vein can be felt. For educational purposes 
I advise that one finger be trained for the palpation of veins; 
this advice may seem superfluous, but I have found that 
where others could not find a vein, the well-trained finger 
detected the slight resistance and the puncture gave blood 
at the first attempt. It is commendable to devote five min- 
utes to getting the bearings on the venous distribution be- 
fore attempting to puncture an arm. Most every one has 
witnessed the repeated puncturing of an arm until it re- 
sembles a sieve. One is to be particulariy warned against 
trying to puncture a thin-walled, superficially lying vein 
that is not sufficiently fixed by perivenous connective tissue. 
The secret of success lies largely in the ability to select a 
proper vein to pimcture. This is not always the lai^est 
one, but, on the contrary, the firm, thick, small, and well- 
fixed vein, which nine times out of ten will receive the needle- 
point without swerving and slipping from under; of course, if 
properly manipulated. The proper method of manipulating 
an arm for puncture can be divided into— (n) the selection 
of the vein; (b) rendering the vein prominent and harder; 
(c) fixation of the vein; (d) handling of the needle. 

(o) As previously stated, the most sensitive finger is em- 
ployed for palpation of the bend of the elbow. These sug- 
gestions, of course, apply to cases in which difficulty is ex- 
perienced in finding veins for puncture. With slight inter- 
mittent pressure the finger palpates the deeper soft parts 
of the elbow; if a string-like resistance is obtained and the 
sense of touch is not delicate enough to distinguish a vein 
from a tendon, then a tourniquet is applied and the area again 
palpated. With the finger still on the suspected vein, the 
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tourniquet is suddenly released: if the finger is on a vein, 
then the swelling or the resistance will suddenly collapse; \t 
it is on a tendon, the resistance will remain unaltered. Should 
no satisfactory vein be obtainable on the left side, then the 
right side should be tried; under no circumstances should 
the needle be plunged into a spot before ascertaining whether 
it is a proper vein or, perhaps, no vein at all. 

(b) Having found what appears to be a vem. the next 
step is to make it fit for puncture. The area is rubbed 
gently with 95 per cent, alcohol, and the tourniquet is ap- 
plied, as previously stated. In using a tourniquet, a simple 
piece of good nibber tubing is preferable to the instruments 
sold in the shops for the purpose. The tubing is of the: 
caUber of a good-sized catheter, und 18 inches long. The 
pressure must not be too great, as in that case the artery may 
be obliterated; it is, therefore, advisable for beginners to feel 
the pulse before proceeding further. With the tourniquet in 
position, the next step is to bring out the vein as prominently 
as posable. This is accomplished by dropping from a 
bottle, a drop at a time. 95 per cent, alcohol on the spot to 
be punctured, gently rubbing the trained finger over the 
spot. When enough resistance to the finger is experienced, 
then the vein is ready to lie punctured. 

(c) AH precautions can be frustrated if the vein to be 
punctured is not properly fixed by the operator's left hand. 
Care must be observed to prevent the vein from slipping 
from under the needle-point, as it often will. For this reason 
a firm hold on tlie vein should be obtained before the punc- 
ture is made. Figs. lOand 11 illustrate graphically the points 
to be obsen'ed in this connection, and also demonstrate the 
reason why the left arm is more suitable than the right. 
With the thumb of the left hand over the vein, firm pressure 
is exerted on it, the entire attention being directed ton-ard 
this spot, the object being to prevent slipping of the vein 
from under the thumb as well as to guide the needle-point. 
If the nee<IIe is in the vein lumen and has pierced all the 
coats of the vein-wall, the hand holding the needle will 
experience a sudden sense of diminished resistance, which, 
in the majority of instances, is followed by the trickling of 



I 




Fig, 13.— The author's pt|uipment for taking bliioil fi.r llic Wasser- 
nann reaction, consistiii); of a, rubb<ir tourniquet Kl inclieH Iohk HiDiI a 
test-tube outfit aa «ccn on the Mt of thK photo^craph, which shows the 
gOMte bandase and the strip of adhesive. Int'ide of the tube is tbo 
needle, the hilt of which in inside of a rubber tube one inch long. The 
individual parts arc shown to the right it! the pholograph. 
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blood from the free end of the needle. It is to be noted that 
in patients with tabes the blood flows very slowly, regard- 
less of the large but flabby vein. The instrument used 
in obtaining blood for the Wassermann test is very simple, 
and can be carried with ease in one's vest-pocket. As shown 
in Fig, 12, it consists of an ordinary test-tube into which is 
placed a 19 gage needle 1 J inches long. Around the test-tube 
is placed a piece of zinc oxid adhesive plaster half an inch 
wide and about four inches long. To this adhesive strip 
is attached a small gauze pad consisting of eight layers of 
gauze, about three-quarters of an inch wide and about 1^ 
inches long. The adhesive and the gauze serve the purpose 
of a dressing after the blood has been withdrawn. The 
entire outfit is sterile. For safety it is best to carry the test- 
tube in a wooden or paste-board container, especially after 
the blood has been collected. The free end of the needle is 
provided with a piece of rubber tubing about one inch long, 
which is held in the test-tube while the blood is being with- 
drawn. Test-tube and needle can all be held with one hand. 

{d) It sometimes happens that the needle, turned with 
the slant down, as in Fig. 10, will slip for this very reason, 
and, 80 to speak, glide along on the outside of the vein. 
The angle of the needle at times is faulty, and it will not 
penetrate. Therefore the direction of the needle's point is 
not to be at too great an angle, nor is the point to be too 
far from the fixing thumb. Having forced the needle through 
skin and vein-wall in one thrust and with a quick movement, 
the direction of the needle is slightly deflected downward 
and pushed further into the lumen of the vein for about 3 
or 4 millimeters. Sometimes five to ten seconds elapse 
before the blood begins to flow, as said before, a condition 
frequently observed in tabes. 

In collecting the blood for a Wassermann test I usually 
hold the test-tube and needle as in the accompanying illus- 
tration (Fig. 11). Sometimes one is sure that he is in the 
vein, but, nevertheless, the blood does not flow. This may 
be due to one of the following reasons: The needle may 
have gone through the other side of the vein-wall; in this 
case very gentle withdrawal for about 1 or 2 millimeters will 
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establish the blood-flow; the slant of the needle rests against 
the anterior vein-wail: in this case a slight bending of the 
needle upward without going deeper will be suffident to 
cause the blood to appear. It sometimes happens that the 
needle passes between the layers of the \'ein-wall: a slight, 
gentle push will overcome this. For purposes of analysis 
about 6 to 7 c.c, of blood are sufficient. It should be em- 
phasized here that during the manipulation of the vein the 
patient should make a fist and direct his attention away 
from the arm to be punctured. It is beat to have the arm 
bandaged before permitting the patient to look around 
again. Before the collected blood is placed in the ice-chest 
it should be permitted to remain at room temperature 
for a few hours. This procedure wiU frequently obviate 
the necessity for centrifuging the blood to obtain the clear 
serum, a time-saving expedient not to be lost sight of where 
many tests are to be made. If the methods described for 
bringing into prominence a deeply situate<l vein prove 
futile, as is very often the case with babies and with patients 
with very stout arms and small, undeveloped veins, the 
following procedures are recommended: A bit of can- 
tharides plaster, one inch square, is placed on the pectoral 
region of a babj-. and left there for three hours. To pre^ 
vent scratching and undue pressure a padding of absorbent 
cotton should be placed about the plaster. It is highly im- 
portant that the formed blister is obtained intact during 
the removal of the dressing. With a sterile hj'podermic 
sjTinge aspirate the formed serum, being at the same time 
prepared to catch into a test-tube any serum that may escape 
through the puncture made by the needle. Another and a 
more rapid way is to sterilize the area between the shoulder- 
blades, and, with an absolutely sterile scarifier, make a quick 
incision and aspirate the blood with a small Bier cup. Thb 
method is also applicable to children with inaccessible 
veins, as well as to adults and dementia priecox patients, who 
frequently prove ver>' rebellious and make the ordinary ways 
of obtaining blood for the Wassermann reaction impossible. 
Instrumentarium.— The chief and most frequently used 
instrument in performing the Wassermann reaction is the 
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pipet. For ordinary work, several dozen of 1 c.c. pipets 
graduated into tV and into tJt are required. These should 
be graduated to the tip (as should all pipets for the test), 
and the distance from the tip to the mark should not be 
less than 13 inches; this gives to each tV c-c a distance of 1.3 
inches. The error with smaller pipets is too great, and 
they should, therefore, not be used. The 10 c.c. pipets are 
those of the ordinary Mohr pattern, graduated into i and 
into halves. For ordinary work one dozen of these suffice. 
Several gross of 5 by ^ test-tubes, of good glass, not too 
thin walled; a few 50 and 100 c.c. graduated cylinders; one 
dozen 100 and 250 c.c. glass beakers with griffin-lip; half a 
dozen each of 250 and 500 c.c. Erlenmeyer flasks; a dozen 
wooden double row (6 in a row) test-tube racks to fit the 
test-tubes; a few large Petri dishes; ordinary needles for 
obtaining the blood; these are 1^ inches long, and have 
a No. 19 bore (for children it is- advisable to have a No. 20 
bore needle). The free end of these needles is provided with 
a small piece of rubber about one inch long, which lies in 
the lumen of the test-tube when the blood is being with- 
drawn. Where no vein can be obtained, as in very young 
infants, a wet-cup is made use of and the blood sucked 
up with a sterile Bier cup. An incubator and a thermostat 
of good copper, double walled, the former to have two com- 
partments, each provided with reliable thermoregulators. 
The latter is an important feature, and for this reason I 
recommend the Lautenschlagcr pattern. One razor; one 
Luer syringe, of 10 c.c. capacity one animal cage for rabbits 
and one for guinea-pigs; one centrifuge, capable of making 
at least 1500 revolutions a minute {the centrifuge is to be 
protected by a brass bowl, and should be provided with a 
rheostat); one dozen centrifuge tubes; one dozen ordinary 
drinking-gl asses, with cotton on the bottom; a few blue pen- 
cils for writing on glass; one shaking apparatus, A half dozen 
each of 1 liter and ^ liter glass-stoppered bottles; one ice- 
cheat. (For the inactivation of the patient's sera and for 
the storing of the amboceptor small, thin-walled test-tubes 
should be used; for an average laboratory- one gross of these 
suffice.) A blow-pipe outfit with good bellows; one dozen 
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Bunsen burners. Of chemicals and reagents, the following 
will be found useful: Squibb's sodium chlorid; alcohol, 95 
per cent.; acetone, ether, tricresol, phenol, collodion, freshly 
distilled water. It is my opinion that a known s\philitic 
and a known non-sj-phiUtic serum should be regarded as 
the biologic reageats in a laboratory equipped for making 
the Wassermann reaction. Laboratories far removed from 
abattoirs will have to keep their own sheep, a few rabbits, 
and a dozen or more guinea-pigs (the latter should be full 
grown). 

Rationale of the Test and Its Specificity. — This was con- 
sidered at length mider the caption of History and Develop- 
ment of the Wassermann Reaction, It is based, as the pre- 
vious exposition tends to show, upon a using up of comple- 
ment and the detection of this phenomenon. Primarily it 
is an antibody-detecting biologic test. It is believed that the 
extract from organs containing spirochetes are as useful 
for the making of a specific antigen as the antigen of typhoid 
bacilli is for detecting tj^phoid. As no methods for the 
proper cultivation of the spirochetes of syphilis existed in 
1906, making this method of preparing antigen impossible, 
the technic advanced by Wassermann and his collaborators 
was employed. It soon became apparent in America and 
abroad that the views held reganling the specificity of the 
reaction, and, in fact, the entire principle involved, had to 
be modified. Much and Eichelberg, who worked wTth 
watery luetic extracts, reported a positive Wassermann reac- 
tion in 50 per cent, of their scarlatina cases. These ob- 
serv'ers stated that although the reaction was not so vivid 
as the florid lues reaction, it was. nevertheless, positive. 
Weichselmann and Meier obtained positive reactions with 
tlie sera from lepra patients by using as antigens the watery 
extracts of luetic livers, alcoholic extracts of normal organs, 
and lecithin. A later, more extensive study showed that the 
majority of the florid tuberous leprosy cases gave a positive 
reaction with sj-philitic extracts as well as with tuberculin. 
These authors reported that the maculo-aneathetic form 
of this disease was incapable of complement deviation. The 
same results were obtained by Slatineanu and Danielopolu. 
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Levaditi found a positive result tn the cerebrospinal fluid 
from a patient with sleeping sickness. In 7 cases of sclero- 
derma the writer was able to obtain a positive reaction in 6. 
These were cases of the advanced form of the disease, and 
showed an involvement of the face, handa, and knees. 
Morphea gives a negative result. I also called the attention 
of my co-workers to the fact that sera having the color of 
old Canada balsam (jaundiced?) will at times give a posi- 
tive Wassermann reaction, and cautioned against assuming, 
as a result of the test, that the patient had sj^philis. 

These observations and many others detracted greatiy 
from the specificity of the test, and made conservatism of in- 
terpretation an extremely important constituent of the 
laboratory worker's equipment. This conservatism is not 
only to be urged in regard to the entire significance of the 
test, so far as its specificity for sj-philis is concerned, but 
should also govern every step of the performance of the 
test. The laboratory worker should never attempt to de- 
fend bis position when the result he obtains does not coincide 
with the clinician's diagnosis; for the clinician is probably 
right, having a score or more reasons for his opinion, whereas 
the laboratory worker relies only on his reagents, and these 
have peculiarities still unknown to inmaunology. This will 
be discussed further in the section dealing with the attitude 
of the serologist. It may be stated here that the larger the 
experience of the serologist, the greater the specificity of the 
reports from his laboratory, and vice versA. 

Technic of Preparation of the Various Reagents. — The 
reagents used in the test are the complement, the ambo- 
ceptor, the antigen, and the sheep's blood-corpuscles. What- 
ever the reagent used, no distilled water must be allowed 
to come in contact with it, else its presence may produce a 
hemolytic effect. Only salt solutions should be employed 
throughout the test. Squibb's NaCl (C. P.), 0.9 per cent., 
in fresh distilled water, is the solution used in the writer's 
laboratory'. The first reagent to be considered is the com- 
plement. 

Concerning the Complement.^For this purpose full-grown 
guinea-pigs are preferable to younger animals, since their 
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complementai powers are more stable, and sufficient serum 
is obtained from one animal to make about 40 tests. The 
smaller guinea-pigs will rarely give more than 2 to 4 c.c. of 
serum. The animal is held over a large Petri dish, and bled 
to death by severing the carotid artery with a good razor. 
This is practically painless, the procedure lasting about a 
second. At most the pigs do not suffer greatly, and are 
practicaUy dead in a minute or two. In severing the carotid 
care must be taken not to injure the esophagus, as this may 
cause an admbrture of gastric juice with the blood and 
minimize its ultimate value. It is important, in holding the 
guinea-pig, to keep the hindquarters well away from the 
Petri dish, as it sometimes happens that the animal will pass 
urine during the exsangui nation and make the comple- 
mentai power less uniform and efficient. The blood is col- 
lected in a sterile tUsh, covered with another larger vessel, 
and kept at room temperature overnight. I usually kill an 
animal the night before the test is to be made, and pipet off 
the clear serum the first thing in the morning. It seems to 
me that the complement left thus overnight gains strength 
and is more efficient than the guinea-pig serum used on the 
same day as the killing. Gay and Ayer determined the fact 
that sera left together with the coagulum for twenty-four 
hours gain in complementai powers. 

Concerning the place of origin of the complement, I be- 
lieve that the theory adxanc'ed by Metchnikoff cannot be 
maintained. This author believes that the complement is 
entirely dependent upon the breaking down of leukocjtes. 
Experiments by Semnittzky, however, showed that leuko- 
penic bloods do not contain less complement because of it. 
Further researches by Oonath and Landateiner showed that, 
on the contrary, exudates rich in leukocytes possess anti- 
hemoljtic qualities. The chief argument against Metchni- 
koff's theory is furnished by Hoke, who found that leuko- 
cytes are capable of binding complement, and that when a 
serum (complement) is brought in contact with leukocytes, 
its complementai power is thereby diminished. Neefeld is 
of the opinion that leukocytes do not secrete, give off during 
coagulation, nor contain complement at any time. The 



Eoany studies that helped to overthrow one view did not, 
however, supply another one instead, and it is still an open 
question today where the complement comes from. 

It seems to me that the existence of many complements 
(Ehrlich and Morgenroth) renders the finding of its, or rather 
their, origin a very difficult task, and one that will require 
much study. The function of the complement in the Was- 
sermann reaction is to complete the work of the amboceptor, 
whatever its function may be. Without its help the hemo- 
lytic amboceptor, for example, cannot lake the red cell, al- 
though it is anchored to it. In the Wassermann reaction the 
amboceptor-antigen combination, if they fit one another, 
and only then, attract and take up the complement in 
the test-tube. No complement absorption takes place if the 
amboceptor is foreign to the antigen, and is still available 
for work when an opportunity is offered, such as by the 
subsequent addition of an amboceptor and an antigen that 
are homologous, i. e., fit each other. 

The Preparation and the Properties of the Hemolytic 
Amboceptor. — The hemolytic amboceptor is the only true 
antibody that one deals with in the Wassermann reaction. 
It is the reagent used in the second stage of the Wassermann 
test, namely, the hemolytic incubation. This phase of the 
reaction can justly be called the most impiortant part of the 
test, as those who are unfamiliar with the work will commit 
errors more frequently here than at any other time during 
the test; this is because at this stage judgment is the chief 
prerequisite of the worker. 

Whether one uses the antisheep or the antihuman sj-s- 
tem, the animal used to produce this amboceptor is always 
the rabbit. The making of a good amboceptor is very im- 
portant, and not always a success. One finds rabbits that, 
(or some reason, will not react in the production of an am- 
boceptor of sufficient strength. 

It is preferable to immunize male rabbits of about 5 pounds' 
weight. The process of immunization is as follows: The 
blood from a freshly killed sheep is defibrinated in a sterile 
vessel. The fluid blood is centrifuged at least five times, 
and washed each time with 0.9 per cent. NaCl solution. 
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The sheep-cells are poured into a 10 c,c. all glass syringe 
(sterile), and the rabbit's ear is prepared for the injection. 
The ear is washed with soap and water, shaved, washed with 
alcohol and ether, and the thumb of the assistant is placed 
at the root of the ear to impede the venous flow and thereby 
bring the vein out to its full extent. The needle of tlie 
sjTinge should not be verj- long, and of about 20 gage. 
Having dilated the vein as much as possible, the point of the 
aeedle is forced gently into the ear vein, preferably into the 
apex of the inverted V, and a slight up-and-down move- 
ment made to ascertain if the needle is in the lumen. In 
case it is not, the forward movement will be obstructed; 
besides this, a vein that is punctured will show a hematoma 
as soon as the piston of the syringe injects a drop or two of 
blood. It is useless to attempt to inject blood into n vein 
thus injured, as it will invariably collect on the outside, 
and result in a badlj' sloughing ear. Onlj' when the needle 
can be freely moved and the few drops of blood do not prt^ 
diice a swelling should the blood remaining in the syringe be 
emptied into the vein. 

The proper manipulation of the rabbit's ear requires a 
little practice, but more frequently furnishes a good amlx^ 
ceptor than the peritoneal method of immimization. I 
am accustomed to inject, the first time, about 3 c.c. of blood, 
to which are added 2 c.c, of NaCl solution. The second in- 
jection, of 5 c.c. of cells and 3 c.c, of NaCI solution, is given 
Lfive days later, also intravenously, and the animal carefully 
obser\'ed. From now on the average rabbit begins to 
elaborate the require*! amboceptor and should receive all 
the care possible, including good food, such as fresh cabbage 
leaves, carrots, and oats, and fresh air and exercise. I know 
of instances in which six rabbits had to be sacrificed l>efore 
a proper amboceptor could be obtained, hence the advisabil- 
ity of adopting the prescribed care suggested above. In the 
majoritj' of cases the full value amboceptor can be liad in 
from eight to ten days. On the eighth day after the second 
injection a little blood is obtained from tlie ear vein by a 
quick cut with a keen razor; this is centrifiiged for about 
fifteen minutes, and the clear, supernatant serum collected for 
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a preliminary gaging. If the serum shows a hemolytic power 
capable of laking 1 c.c. of a 5 per cent, suspension of cells in 
a dilution of 1 : 1500 or 1 : 2000 in about thirty minutes, then 
the rabbit is ready for bleeding. This is best done on the 
following day. i. e., nine days after the last injection. If 
the hemoljtic power is not strong enough, then one ought 
to wait a day or two more and then test again. It is some- 
times necessary to repeat the injection a third time and 
wait again, but it has been my experience that such rabbits 
do not furnish a good amboceptor, even If injected again 
and again. In such instances anti-amboceptor production 
must be thought of. Assuming that the hemolytic power of 
the rabbit's blood is great enough, the animal is exsanguinated 
the next day, and the blood caught in a sterile large glass 
bowl and kept covered for twelve to sixteen hours. The 
expressed serum is now ready for storing in the ice-chest. 
As will be noted, I do not use the method of heating at 
56° C. I believe that, since the complement is easily de- 
stroyed by age, and since the dilution of the rabbit's serum is 
so great, it is not necessary to diminish the hemolytic powers 
of the amboceptor by a temperature of 56° C. My ambo- 
ceptor was not capable of hemolyzing a 5 per cent, sus- 
pension of cells in an eight times concentration without 
the addition of complement. This, in my estimation, is 
sufficient proof that the trace of complement present either 
becomes inert after a short time, or is not sufficient, in its 
complemental powers, to complete the laking of the cells. 
I do not, therefore, inactivate my amboceptor, I believe 
that good amboceptors are often rendered useless by this 
preliminary inactivation — an observation that, I am sure, 
others will corroborate. 

After the complete separation of the hemolytic immune 
1 it is placed in small sterile test-tubes, — 2 c.c. in each, 
to which is added a tricresol solution 1 : 2000,— and the tops 
are sealed with the blow-pipe, permitting enough space so as 
not to heat the top of the serum. This is best accomphshed 
by holding the tube between fingers level with the serum 
in it. Such a hemolytic amboceptor is serviceable for three 
to four months. Of course, it Is not capable of hemolyzing 
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cells in the same titer as at the original standardization, but 
if this origina! titer was about 1 : 2000, then such an ambo- 
ceptor can be used until none remains. A good-sized rabbit 
should yield from 50 to 70 c.c. of amboceptor. 

The preliminary standardization of the amboceptor, — i. e., 
the gaging before the animal is exsanguinated — is performed 
as follows: 



PRELIMINARY 


STANDARDIZATION OF THE A. S. A.' 


COKJI* 


'^s'- 


i C.C. ■ 


P«c£iT. 


{Uktijt Ami* IncnaxROs it 

arc. 


0.1 B.O. 


>?."■ 


;i 


Cptofi... 


I lil, 



Tie rabbit's serum that furnishes an A. S. A. of 
above potentiality is admirably suited for complen 
deviation. There are many instances in which it becomes 
necessary to employ very strong amboceptors, and unless 
one has a powerful hemolytic serum to begin with such an 
increase is often impossible. The amlxK'eptor as standard- 
ized above is In actual use in my laboratory, and bemo- 
tyzes in a still greater dilution in one hundred and five 
minutes (1:6400). For the actual performance of the 
Wassermann reaction the foregoing standardization will 
not sufRce. It is necessary to take into consideration every 
ingredient of the test-tube that makes up the complete 
reaction, as I was able to show repeatedly.* Where the 
above gaging only is made use of, a goodly number of posi- 
tive reactions will be obtained from innocent persons. In 
order to avoid this 1 intend to gage my reagents in such a 
manner as to exclude, so far as possible, such interpretations; 
in fact, I would prefer to report many luetic sera as negative, 
for the sake of eliminating positive reactions in those who 
did not come in contact with this infection. As the norm^ 
patient's serum and the antigen used are in themselves id- 
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hibitory factors, it is, therefore, necessary, in the standardiza- 
tion of the amboceptor, to take cognizance of these factors, 
and gage the amboceptor accordingly. The amboceptor pre- 
viously standardized, gaged with the antigen and a normal 
serum, gave the following titer: 

STANDARDIZATION OF A. S. A.. TOGETHER WITH THE 
ANTIGEN AND NORMAL SERUM 



NOBMAI. 

Skbum. 



0.2 C.C. 



Amti- 

GBN. 
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COMPLB- 
MKNT. 



0.1 0.0. 
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400 

800 

1600 

3200 

6400 



■as 
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HB1IOLT8Z8. 



Complete in 7 minutea. 

41 ** 1 1 " 

" 36 " 

4. .4 JQ2 .. 

4. .« JgQ .4 

Incomplete. 



The standardization together with antigen and serum 
shows us that, not only is hemolysis slower in appearance, 
but also that the 1 : 6400 dilution did not hemolyze com- 
pletely. It is also apparent that the 1 : 3200 dilution required 
two and a half hours for complete hemolysis; this is too long 
a period for actual work, and consequently cannot be con- 
sidered in establishing the working unit. Since the principle 
underlying the establishment of the working unit requires 
that the dose should be twice the size of the dilution that 
hemolyzed the given quantity of cells in two hours, it be- 
comes apparent that the A. S. A. imit for work is somewhere 
between 1 : 800 to 1 : 1000. Since the first titration would 
have given us an A. S. A. of much weaker power, and the 
chances of error with its actual use would also have been 
much greater, it is quite evident that the method of pre- 
liminary standardization is not applicable to actual work. 
Regardless of the care and apparent overdosage of the A. S. A., 
it has happened occasionally that the entire array of tests 
showed marked resistance to hemolysis. Although the 
standardization on the day of the tests gave a working unit 
of 1:600, the hemolysis was, nevertheless, very sluggish, 
and required a great deal of care to distinguish the true 
from the masked negatives. This occurred often enough 
to demand investigation. In my laboratory this phenom- 
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enon was designated as the low-power amboceptor, and 
would manifest itself on days showing more than the 
average barometric changes; on such days persons with 
rheumatic tendencies usually complain of joint or mus- 
cular tenderness. It was very interesting to note that 
the amboceptor unit changes considerably on such days, 
as the table below will show. 

The Low^ower Amboceptor. — The amboceptor used for 
tliis titration gave, on a day with the barometer at 755 and 
the temperature at 22° C, a maximum hemoi.vtic power of 
1:3200 in ninety-eight minutes. A few days later, with 
the barometer at 763 and the room temperature at 21" C, 
the following values were obtained : 



NOHKAb 


'T: "^".^S^ 




Sheep 
Cbiu. 


A, S, A. 




HiHOi.niu. 
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:: 
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., 52 ., 
No hemolysis slier I 



The reason for the poor amboceptor work accomplished 
on these days was apparently made clear by the foregoing 
standardization, and, as a result of this, my Wassermann 
work is now performed after consulting the barometer, and 
if the atmospheric pressure is in the neighborhood of 765, 
the working unit is doubled. It is needless to emphasize 
the fact that proper controls were carried on while making 
the studies of the low-power amboceptor. As nearly as 
possible the same factors entered into the gaging of the 
amboceptor during both clear and cloudy days with a high 
humidity. It is extremely vexing to be called upon to ex- 
plain a positive Wassermann reaction in a patient who does 
not exhibit the shghtest sign of syphilis nor give a clue in 
his anamnesis; for this reason I believe it is much safer to 
gage the work so as to eliminate all possibilities of error in 
this direction, even if thereby one reports an inordinate 
number of negative results on known sj'philitic subjects. 
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Of this, more will be said under the head of The Attitude of 
the Serologtst. It seems to me that the peculiarity of the 
amboceptor just described tends to corroborate the belief 
expressed by some workers that the entire Wassermann 
reaction is simply a phenomenon of surface tension,' Before 
concluding this section I wish to add another point regarding 
the preservation of the A. S. A. Previous to placing the 
serum in test-tubes for sealing, it is advisable to add to 
each cubic centimeter of tlie immune serum some tricresol 
solution in a concentration not greater than 1:2000. It 
is best first to make a solution of the preservative in salt 
solution and then add it to the amboceptor. This will 
keep the serum in good condition for many months, and 
do away with the unpleasant odor that old amboceptors 
usually display. A sediment will always develop, but 
this does not interfere with the hemolytic power of the 
serum. 

The Preparation and Properties of the Antigen. — ^The 
chief argument against strict conformance to the side-chain 
theory of the Wassermann reaction is the antigen. The 
number of substances that can be used for the purpose 
of binding complement with a serum containing the so- 
called s^'philitic antibody and their great variability all tend 
to prove that strict specificity is not a part of the test, but, 
rather, that the entire reaction is more or less a fortunate 
coincidence of phenomena of which little has as yet been 
incontrovertibly established. It is a well-known fact that 
classic inhibition may be obtained with sj^philitic sera using 
as antigens lecithin (Forges and Meier) or the salts of the 
bile acids, soaps, etc. (Sachs and Altmann), and other 
substances mentioned under the head of The History and 
Development of the Wassermann Reaction, All these things 
tend to prove that the antigenic part of the test is entirely 
a matter of choice, and it is well to admit, at this point, that 
the entire usefulness of an antigen, or, as I am accustomed 
to refer to it, "the inhibitory extract," is dependent on the 
carefulness and precision with which the extract was stand- 
ardized. The finer details of standardization must be given 
'G. A. Stephens; Brit Med. Jour., April 5, 1913, pp. 697. 752. 
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dose attention if one wishes to eliminate non-specific in- 
hibition and avoid the humility that follows incorrect 
reports. The only property that one expects the inhibitory 
extract to possess is, as its name implies, inhibition of he- 
molysis; specificity is of secondary consideration. This is 
perhaps one of the reasons why so many heterogeneous sub- 
stances are employed as inhibitory extracts. 

Of the known properties of the antigen, very little can 
be said. The general view held regarding its ability to bind 
complement is that it possesses a molecule chemically related 
to lipoids, which, as is generally known, are substances 
capable of producing, under certain drcumstances, the phe- 
nomenon of complement deviation. Besides this, there are 
other very interesting and important facts to be learned from 
the study of the substances used as antigens. Those who use 
liver extracts have observed a peculiar wave of potentiahty 
in the extract in the course of time, and reported very good 
results by making use of extracts that were discarded as 
having become too weak, and, therefore, useless (Kaplan, 
Beneke, Stuehmer). The last-named author, using alcoholic 
extracts from guinea-pig livers, observed the following 
changes in them: Extract No. I was not treated in any 
way; Extract II was kept for twelve hours at 38° C, and, of 
course, was decomposed by bacteria; Extract III was kept 
in the ice-chest for fourteen daj's, and was also decomposed 
by bacteria; Extract IV, kept for nineteen days at 18° C, 
was decomposed by bacteria; Extract V, kept for four 
weeks in the ice-chest, remained sterile and dry. The vari- 
ous extracts showed the following properties : 

Qoiirtm. EiT. 1. Est. II. Eit. III. Eur. IV. Em. V. 

0.25 0.C a a d a a 

0.125 o,c b b b a a 

0.06 c.e c b a a a 

0.03 c.c d c a a a 

0.015 c-c d d a a b 

0.007 c.c d d a a c 

0.004 c-c d d a a d 

0.002 C.C d d b b d 

0.001 c.c d d d c d 

a ~ total inhibition; b — partial inhibitioD; c — in complete* bemol- 
yaJB; d •• complete hemolyeia. 
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To estimate the inhibitory strength of the foregoing 
extracts one would have to consider the size of the dose and 
the result following. The smallest amount of extract cap- 
able of causing inhibition is the extract most suitable for the 
test. In the preceding analysis it is evident that Extract 
IV produced complete inhibition with only 0.004 c.c. of the 
extract. Extracts I and II were useless; Extract III, al- 
though useful in the smaller doses, was hemolj-tic to start 
with; Extract V, although dry and sterile, was not so potent 
as the decomposed Extract IV. I was able to demonstrate 
that old extracts, after having been discarded on account of 
impaired inhibitory action, were found to possess marked 
inhibitory powers a few weeks later. This was observed a 
sufficient number of times to make careful observations 
necessary before a given inhibitory extract is discarded as 
useless. Some authors believe that the extracts used for 
making the Wassermann test can be resolved into their 
different components by appropriate treatment: U. Fried- 
mann demonstrated that the hemolytic compyonent of the 
extract is soluble in water-free ether; F. Lesser found the 
inhibitorj- side-chain {if I may so designate it) soluble in 
ether. Ehrmann and Stem could separate the inhibitory 
molecule from its interfering side-chains. Joannowicz and 
Pick determined later that the unsaturated fatty acids were 
responsible for the hemolytic quahties of the extract, while 
the acetone^precipitable lipoids represented the inhibitory 
principle. J. Zeissler obser\'ed that extracts kept on ice 
for four weeks lose their hemolytic property, whereas the 
inhibitory qualities remain intact. All these observations 
suggest the complexity of the inhibitory extract and permit 
the conception that the antigen in the Wassermann reaction 
consists of a complex molecule of a lipoid nature, with an 
inhibitory nucleus and a number of side-chains, some of 
which are decidedly hemolytic in character. The hemolytic 
side-chain is decomposed in a comparatively short time, a 
fact that enables one to use the extract again, frequently in 
a smaller dose than at the original standardization. These 
data are very important in the consideration of the in- 
hibitory extract, as they give one a means of effecting so- 
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called restoration of the useful properties it has lost. Dia- 
grammaticaUy, the entire process of restoration of the 
inhibitory power may be pictured as follows; 



Fig. 16. 
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As the protein side-chain undergoes autolytic decompo- 
sition or bacterial putrefaction, the fatty acid complex is 
left attached to the lipoid nucleus, and the balance of power 
is in favor of hemolysis; such an extract is useless. In the 
course of time further decomposition takes place, and the 
fatty acid side-chain no longer interferes with the lipoid 
inhibitory nucleus. Although greatly decomposed and 
malodorous, such treatment frequently gives powerful in- 
hibitory extracts in remarkably small doses. These changes, 
of course, take place in watery extracts only, the alcoholic 
extracts not being affected by bacteria and but very little 
by autolysis. Regarding the preparation of antigens, one 
may use either the watery or the alcoholic organic extracts, 
as he desires. In this work the various methods will be 
described, together with such obsenations as, in the writer's 
experience, were found of practical value, the object being 
to render the Wassermann reaction less difficult and more 
attractive. 

Preparation of the Watery Luetic Fetal Liver Extract. — 
A number of luetic fetal livers are weighed and finely com- 
minuted. To each gram of tissue 4 c.c. of 0.9 NaCl solution 
are added; to this is further added a sufficient quantity of 
phenol to make a 0,5 per cent, solution. This is placed in a 
dark container (an Erienmeyer flask covered with black 




paper), tightly stoppered, and vigorously shook in a shaking 
machine for twenty-four houra. I use the Spiegel berg 
apparatus, but any other instrument will answer provided 
the flask can be so placed as to prevent accidents overnight. 
Next day the entire mass is centrifuged and the coarser 
particles discarded. The opalescent supernatant fluid is 
the syphilitic antigen as prepared by Wassermann. Tlus 
fluid is placed in a dark, rubber-stoppered bottle, and left 
in the ice-chest ready for use. In order to avoid contamina- 
tion it is advisable to pipet off the amount to be used for the 
day, and, without exposing the bottle to sunlight, replace it 
in the ice-chest. With proper precautions, in my experience, 
such extracts can be used for montlis and retain their full 
strength. In America the question of obtaining luetic livers 
is attended with great difficulties, a fact the reason for which 
I am unable to state. 

In order to render the extract less changeable, Marie and 
Levaditi suggest the method of pulverizing the luetic liver 
which has been dried in vacuo. This retains its inhibitory 
qualities remarkably well, and can be used until the last 
grain is exhausted. It is prepared by mixing the powder 
with salt solution in the proportion of 1 : 4 and extracted 
for twenty-four hours. The suspension is centrifuged, and 
the supernatant fluid is ready for use. 

Of the alcoholic tissue antigens, the following are to be 
recommended: Landsteiner, Mueller, and Poetzl rub up to 
a fine consistence the muscular parts of guinea-pig hearts, 
and extract 1 gm, of this with 50 c.c. of 95 per cent, alco- 
hol at 60° C. for several hours. This mixture is filtered, and 
the filtrate preserved in this state at room temperature, 
Michaelis and Lesser rub up in a mortar syphilitic or normal 
livers, and shake the mass at once, for five or six hours, with 
10 parts its weight of alcohol. After standing for twenty- 
four hours the clear, supernatant fluid is pipeted off and kept 
in the ice-chest as the stock solution. For use they dilute 
1 part of the stock solution with 4 parts of physiologic 
salt solution. 

Noguchi's method of preparing the acetone insoluble anti- 
gen is as follows: Extract finely minced syphilitic or normal 




liver with 10 volumes of 95 per cent, alcohol for about a 
week, at a temperature of 37° C. At the end of this time filter 
the alcohol and evaporate the filtrate by using a fan at a 
temperature of less than 40° C. This sometimes requires 
twenty-four hours or more. The residue is extracted with 
ether and permitted to evaporate. The residue of the 
ethereal extract is taken up with a small quantity of ether 
and fractionated with 5 volumes of acetone. A sticky, 
gummy precipitate forms, which adheres to the stirring glass 
rod. Pour off the supernatant acetone, permitting the 
remainder to evaporate. Collect the resinous mass into a 
dark bottle, and keep it air tight in the ice-chest. For mak- 
ing the test 0.2 gm. is dissolved in a little ether and brought 
up to 100 c.c. with 0.9 per cent. NaCI solution. This emul- 
sion can be kept on ice without impairing its inhibitory 
quahties. 

In my laboratory I use the following method: Guinea-pig 
hearts are weighed and minced in a meat-mincer. The 
entire mass, plus bloody fluid, is placed in a dark bottle, 
and ten times the volume of 95 per cent, alcohol added. 
This is kept in the incubator at 37° C. and shaken twice 
daily for four days. To this alcoholic extract cholesterin is 
added, thus: Four grams of Merck's cholesterin are dis- 
solved in as little ether as possible and added to 96 c.c. of 
the alcoholic extract of guinea-pig hearts. This makes a 
turbid fluid which, on standing in the ice-chest, deposits 
cholesterin at the bottom of the container. For use the mix- 
ture is shaken and placed in the thermostat at 56° until the 
cholesterin dissolves, and 1.5 c.c. are brought up to 100 c.c. 
with 0.9 NaCI solution. In my work 1 c.c. of this solution 
will inhibit syphilitic sera, but is not in the least inhibitorj' 
with non-luetic material. I have also used the waterj' ex- 
tract of syphilitic fetal livers whenever possible, preparing 
it according to the method of Wassermann. 

It is immaterial what one uses for antigen, so long as the 
substance conforms to the requirements of the reaction, i. e., 
to inhibit with luetic sera and not to interfere with he- 
molysis when the serum is not luetic. This question is set- 
tled by the standardization of a given extract. 
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Fig. 17. — The Wftsscrmann reactioiij showing at the top the heap of 
cells which is Hignificiuit of complete inhibition of hieniolypifl. TVst- 
tube 1 ia the ponitivi.' control of the reaction, anil the others represent 
complete hmmolysia of the remaininR controls of the reaction. 
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Stf^^^^T^*^***^^^ of in Eactract to Be Used is Antjgcn. — 
Known syphilitic aerum, 0^ cc; oomidanent, 0.1 cc; to 
this add extract in varying strengths; incubate at 37^ C. for 
(me hour; add 1 cc. oS sheep cells (wdl washed and made 
up to 5 per cent, with 0.9 NaQ sdution) ; add two units ci 
amboceptor, and note the time when hemolysis takes place 
in the tubes with the smallest amount of extract. If the 
extract is at all serviceable, then it ought to show complete 
inhibition with at most 0.2 c.c. of the extract. If it requires 
a greater amount to produce inhibition, the extract will 
most likely become usdess in less than a week. The same 
procedure is repeated with a normal serum. In my labora- 
tory the previously described antigen with cholesterin rdn- 
forcement gave the following titer: 





Nboatitb Rbbrs.! 


Amount of ExtrSfCt. 


Inhihition. 


InhibttaoD. 


0.6 C.C. 

0.4 c.c. 
0.2 CO. 
0.1 c.c. 
0.a5 cc. 
0.025 cc. 
0.0125 cc. 
0.00625 cc 


Complete 

« 

Incomplete 
Uemolysifl 


Might 

Very ali^t 
None 



The above antigen showed the ability to inhibit with 
syphilitic serum in the 0.025 dose, whereas by using 0.2 c.c. 
with the normal serum no inhibition was obtained. The 
rationale of the antigenic standard is admirably conformed 
with in the foregoing extract. Any substance that will in- 
hibit completely with a positive serum in a dose that is not 
potent enough to do the same with a normal serum, even if 
the dose is three times larger, fulfils the requirements of an 
antigen for performing the Wassermann reaction. This 
practically covers the entire principle of antigenic activity 

^ The same quantities were used as in the positive series. Normal 
sera were used, otherwise everything as before. 
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as applied to the practical Wassermaim laboratory method. 
Manifold theoretic considerations enter in the modus 
operandi of antigens, but these do not concern the practical 
worker, who is interested only in the clinical side of the 
question. 

Various Inbibitoiy Substances Used as Antigens. — Aside 
from the use of non-luetic organic extracts for complement 
deviation testa in sj-philis, other substances of known chem- 
ical constitution were made use of. Schuennann's method 
of preparing such an antigen is as follows: Lecithin, 0.3 gm. 
dissolved in 50 c.c. of absolute alcohol; sodium glycero- 
phosphate, 0.3 gm. in 5 c.c. of 0.9 per cent. NaCI solution. 
Of this solution, 30 c.c. are mixed with 5 c.c. of lactic acid 
and 10 c.c. of ammonium vanadinate. The unit is established 
according to the standardizing schedule previously outlined. 
Porges and Meier make a 1 per cent, solution of lecithin 
(Kahlbaum), shaking it in 0,5 per cent, phenol-normal salt 
solution, which serves as a stock solution. With 0.05 c.c. of 
this solution most luetic sera inhibit and non-luetic sera 
hemolyze. This antigen is not to be recommended for 
practical work, as the margin of error on the positive side 
is too great for clinical purposes. 

Sachs and Rondoni give the following formula for a useful 
antigen : 

Sodium oleate (Kahlbaum) 2.S 

Ovolecithin (Merck) 2.5 

Oleic acid (Kahlbaum) 0.75 

DistiUed water 12.5 

Alcohol, 95 per cent ad 1000.0 

For use, the foregoing is mixed thoroughly with 0.9 per 
cent, NaCl solution in the proportion of one part of the 
extract to five of the salt solution. The usefulness of an 
extract depends entirely upon the results of the standardiza- 
tion; this is chiefly the distance between the complete in- 
hibitory dose with positive sera and the non-inhibition with 
normal material. The greater this distance, the better the 
extract, and the fewer the errors that will be obtained by its 
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In America the Noguchi modificstion is used quite exten- 
sively. The presence of a natural anti-sheep amboceptor in 
some human sera resulted in many negative results with 
some unquestjonabie sj-philitic sera. To overcome this 
difficulty Noguchi de\i3ed the method of using human 
blood-corpuscles and a corresponding amboceptor for the 
indicator, instead of the anti-sheep system, as in the 
original Wassermann reaction. This method is to be 
reconamended especially when it is difficult to obtain sheep 
cells in a fresh state. Noguchi uses the acetone-insoluble 
fraction of beef livers as his antigen. The blood for the 
work can be obtained from the patient's finger. Only a few 
drops are necessary. The entire contents of the test-tube, 
after the addition of all the reagents, amount to about 1,5 
C.C. A water-bath is required for the fixation and for the 
hemolj-tic incubation. So far as results with this method 
are concerned, I can state, after having performed 4200 
comparative Wassermann and Noguchi reactions, that the 
latter is slightly simpler than the Wassermann reaction. 
The transference of the reagents to paper I do not consider 
an advantage, but rather a drawback. It is my belief that, 
by furnishing the reagents to laboratory workers, they 
are deprived of the benefit of the experience to be gathered 
by gaging them, and is decidedly detrimental to obtaining 
correct Wassermann results. The sending of antigen and 
amboceptor paper to different workers, thereby making 
it easy for them, and reducing the Wassermann test to a 
mere throwing together of bits of paper, is not to be recom- 
mended. I believe that Noguchi has given up the saturation 
of paper strips, and now recommends the use of definite 
amounts of fluid reagent. All things being equal, the reac- 
tion is fairly reliable, and In my hands gave a positive error 
of 2.5 per cent. 

Another modification is the Bauer test. This author 
omits the making and the standardization of the A. S. A,, 
and relies entirely upon the natural anti-sheep amboceptor 
present in the serum of the patient. This is a very unreliable 
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and uncertain method, as the natural A. S. A. is not always 
preseht in a serum. 

The Tschemogouboff method omits still more reagents, 
dispensing with complement as well as with amboceptor. 
This ob3er\'er uses the natural amboceptor and the com- 
plement in the patient's serum, against guinea-pig ery- 
throcytes, neglecting entirely the quantitative relationship 
of the reaction. The same can be said of the Hecia modi- 
fication, which does not differ from that suggested by Tscher* 
nogouboff. 

Margarete Stem adds a quantity of anti-sheep ambocep- 
tor to the active serum of the patient (not heated at 56° C). 
and omits the guinea-pig complement. As the complement 
in human serum is a very inconstant ingredient, and is, on 
an average, much less potent than the guinea-pig serum, 
this modification also has its drawbacks. 

Detre and Brezovsky used an anti-horse system. Boas 
recommended an anti-goat system. Browning employed an 
anti-ox hemolj'tic amboceptor. 

Some time after the Noguchi method appeared, Tschemo- 
gouboff also devised an anti-human method similar to that 
of his predecessor. The latter's observations, however, 
lack the elaborateness of those of the Japanese worker, and 
the method is also, for other reasons, less reliable. 

Close upon the trail of the Wassermann publications 
appeared a number of reactions that did not depend upon 
the phenomenon of complement deviation, but upon other 
physicochemical laws. Forges and Meier elaborated a 
method of precipitation, using 0,2 c.c. of a 1 per cent, stock 
suspension of lecithin ; to this they add 1 c.c. of a 1 : 5 solu- 
tion of the patient's serum in 0.9 per cent. NaCI solution. 
This mixture is placed in thin precipitation tubes and left 
in the incubator for a few hours. These authors report a 
faintly positive result whenever a finely granular opacity 
takes place in the tube. If a sediment is obtained in twenty- 
four hours, then the reaction is considered as positive; a 
total precipitation of the lecithin mixture is considered as 
strongly positive. As this reaction is obtainable with ad- 
vanced tubereulosis, in tumors, lepra, trj-panosomiasis, and 
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even occasionally in absolutely healthy individuals, it is 
not to be recommended as a test to be depended upon 
alone, without the use ot the original Wassermann reaction. 

A later study by Forges and Salomon advocates the use 
of a 1 per cent, sodium glycocholate (Merck) solution in dis- 
tilled water. The solution is mixed, in equal parts, with an 
absolutely clear. Inactivated portion of the patient's serum. 
This is placed in test-tubes of about 7 mm. inner diameter, 
which are large enough to hold 0.2 c.c. of each substance. 
The tubes are permitted to remain undisturbed at room 
temperature. If the serum is syphilitic, distinct flocculi 
will appear at the top of the fluid. Opalescence and the 
presence of traces of flocculi are not conclusive. As precau- 
tions, the following suggestions are offered: Do not form 
layers, as such treatment permits of the formation of rings. 
Incubation temperature is conducive to the development of 
bacteria. The solution must be freshly prepared. The 
addition of phenol renders the reaction less specific. The use 
of turbid or hemoglobin-containing sera interferes with the 
test. The end reaction is to be observed with the naked 
eye and by ordinary light. 

The water reaction of Klausner is performed as follows: 
Into a test-tube of 5 mm. inner diameter and 7 cm. high 
place 0.2 c.c, of the patient's serum, which must be abso- 
lutely clear and blood free; this is diluted with 0.6 c.c. of 
distilled water. In a few hours — rarely more than fifteen- 
one notices, in luetic sera, a thick sediment. The more 
florid the lues, the sooner does sedimentation take place. 
After treatment a previously positive reaction may become 
negative. 

The Contrc«,s and Their Significance 
The absence of standards and definite quantitative 
chemical relations requires the use of many controls in 
place of more exact procedures. It is necessary that the 
serologist be able to draw upon a mass of known material 
for his controls, otherwise his work is rendered very 
difficult indeed. The positive control serves as an index 
of the antigen's potency, and, as its name implies, is obr 
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tained from a known syphilitic with a positive Wasser- 
mann reaction. For the selection of such a serum it is not 
advisable to make use of a patient who is "Wassermann 
fast" (see Wassermann-fast tabes), as these subjects react 
quantitatively with much less antigen than does the ordi- 
nary positive luetic, which quantity, when used on ordinary 
material, will result in a series of negative Wassermanns even 
on manifestly positive sera. To recapitulate: The positive 
control contains the ordinary positive serum plus the half 
unit of antigen, plus the complement, and, after the pre- 
liminary binding incubation, plus the sheep cells and two or 
three units of amboceptor. 

The negative control is intended to guard against too large 
doses of antigen and partly also against too small quantities 
of amboceptor. For such purposes jaundiced sera, as well 
as lipemic sera, are not to be used. The same ingredients as 
above, with the exception that the serum be negative, are 
placed in the test-tube as before. 

The amboceptor control corresponds with the ambocep- 
tor titration, as suggested by Citron, and ser\'es to elimin- 
ate an amboceptor dose that is too weak for hemolytic pur- 
poses. The test-tubes in actual work contain complement 
and salt solution to start with, and after the preliminary 
incubation cells and the amount of amboceptor determined 
for the day are added. The control for antigenic interference 
is to determine whether the quantity of the extract is not 
too great, and whether it is capable of inhibiting hemolysis 
without the addition of the patient's serum. The tubes 
contain all the material except the patient's serum. The 
auto-inhibition control is the most important one of the 
series. Some sera, although negative, are very slow in 
hemolyzing, and it is, therefore, not advisable to read end- 
results before the auto-inhibition control is completely 
cleared, i, e., shows total absence of inhibition. The test- 
tube containing this control contains all the material except 
the antigen, and serves to eliminate the not infrequent 
anticomplementar,- sera. On days when the barometer is 
at 765, the auto-inhibition controls are more frequently un- 
hemolyzed than on other days. 
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In the colored illustration test-tube No. 1 represents the 
positive control, and, as shown, is the only positive non- 
hemolyzed test in the rack. All the other test-tubes are 
clear, as they should be in a properly controlled reaction. 
The only test that must be repeated with every serum is 
the auto-inhibition control; otherwise the remaining controls 
serve for any number of reactions. 

Thh Performance of the Tassebmann Reaction 

As a rule, the serologist begins his collection of sera for 
the Wassermann reaction on the day before the test is to 
be made. The blood is collected in an ordinary test-tube 
and placed at room temperature, to permit the coagulum 
to express the serum. The clear serum is collected in smaller 
tubes and appropriately labeled, and placed in the ice-chest 
until the next day. On the day before the test is to be made 
all the utensils that may come In contact with the serum 
should be sterilized. A large-sized guinea-pig Is exsan- 
guinated, with the precautions described under comple- 
ment, and left overnight at room temperature. 

The first task on the following morning is to obtain sheep 
blood and rid it of its adherent serum. This requires three 
or four washings with salt solution. 

The next step is to collect the complement in a sterile 
centrifuge tube, and it there are traces of blood, it is neces- 
sary to centrifuge the serum. Having obtained the washed 
cells and the complement, the standardization of the ambo- 
ceptor is begun. The method previously described in this 
section is to be followed exactly. Having standardized and 
ascertained the size of one unit, the next thing to do is to 
place all the sera in the thermostat at a temperature not 
above 56° C. The sheep cells are next diluted to a 5 per 
cent, suspension with 0.9 per cent, of NaCI solution; to this 
suspension is added an equal quantity of salt solution con- 
taining 3 to 4 units of amboceptor to each cubic entimeter 
of salt solution. The 4 unit dose of amboceptor is to be 
used on days when the barometer is near 765. The method 
of ascertaining the antigen unit is the one described on 
p. 71, and is to be so diluted that each cubic centimeter 
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of salt solution contains half a unit of the inhibitory ex- 
tract. 

After three-quarters of an hour's Inactivation at 56° C. 
the various sera to be analyzed are removed from the ther- 
mostat, and disposed of as follows: 

1. Place in each of two tubes, front and back, 0.2 e.c. of 
the patient's serum. 

2. Add to each tube 0.1 c.c. of the guinea-pig comple- 
ment. 

3. To the front tube only add 1 c.c. of the antigen, which 
equals half a unit as ascertained in the standardization. 

4. Bring up the mixture in each tube to 3 c.c. with 0.9 
NaCl solution. 

5. Place the rack with the tubes into the thermostat at 
37° C, having previously shaken each test-tube. The 
incubation for complement binding should last one hour. 

6. After one hour add to each tube, front and back, 2 
c.c. of the blood-amboceptor mixture, and after thoroughly 
shaking, replace in incubator for the hemoljlic incubation. 
From now on every tube must be closely examined everj' ten 
to fifteen minutes. As soon as the tubes in the controls, with 
the exception of the positive control, have hemolyzed, the 
negative sera are recorded and removed from the incubator. 
This gives the eye less work in running over the entire series 
of tests, especially when the number of bloods to be tested 
is great. Only those sera that remain unhemolyzed to the 
end of the process, and even until the next day, should be 
regarded as positive. The serologist should not attempt to 
give weakly positive reports or make use of misleading tenns, 
such as four plus, three plus, or plus-minus. Patients either 
have or have not a positive Wassermann, and all other 
designations tend to render the situation more complex and 
uncertain to the serologist and more so to the clinician. 

The Wassermann reaction on the cerebrospinal fluid is per- 
formed in the same way as the serum reaction, except that 
the fluid is not inactivated. The use of larger quantities of 
fluid is permissible only as a therapeutic guide, and should 
never be considered as a reliable index for the existence of a 
syphilitic neurologic disorder when the result is positive with 
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quantities greater than that which is used in the performance 
of the original Wassermann reaction. With large quantities 
of fluid, using as much as 1 c.c, one may at times obtain 
positive results in non-Iuetic individuals, and subject the 
patient unnecessarily to therapeutic measures that are un- 
called for and will do him no good. This method will be 
discussed further under the head of Sj'philitic Neurologic 
Disorders. 

The Attitude of flie Serologist. — Every serologist learns, 
sooner or later, that no matter how conscientious his work- 
ing methods are, a number of errors cannot be avoided with 
the Wassermann reaction, and that some of the positive 
reports submitted were unquestionably on negative mate- 
rial. He must, therefore, accept the inevitable, and come 
to regard the entire test as only of secondary importance in 
making a complete study of a case of syphilis. The sooner 
the serologist arrives at this point of wholesome skepticism, 
the better for his reports, as only then will they contain the 
information desired— i, e., is the reaction negative or posi- 
tive? 

This is practieally all the physician requires to know; the 
explanations and fanciful designations of the end-result are 
absolutely unwarranted. There are some workers who 
pride themselves on their ability to report a positive Wasser- 
mann on every syphilitic serum. In my experience, the un- 
erring positive is always accompanied by a long list of 
positive reports on distinctly non-syphilitic patients. This 
is amply illustrated by the many defenses advanced by 
serologists who never err in their recognition of luetic sera, 
by their ingenious logic in explaining how syphilis could 
be overlooked clinically, how the disease could remain 
latent or obscure, when their unerring positive reaction is 
obtained on a patient free from lues. It is, therefore, quite 
important to be acquainted with the private views of the 
serologist as to the significance he places on the Wasser- 
mann reaction, as to his opinion of his results in the reaction, 
whether absolute perfection is attainable in this test, etc. 
I believe that the attitude of the serologist is a greater factor 
in the value of a Wassermann reaction than is the standard- 
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ization of the reagents. The question of reliability resolves 
itself into this: a worker reports either too many positive 
Wassermann reactions in non-sj'philitic persons, or too 
many negative reactions in those who were infected. Unless, 
therefore, the serologist determines on which side he intends 
to err, his results will, accordingly, be uncertain. 

The function of the laboratory is not to diagnosticate 
syphilis; its duty is to report the results of a test-tube ex- 
periment that has only a certain amount of specificity. 
Sj-philis should never be diagnosed in the laboratory, nor 
should the laboratory worker consider himself competent to 
give the final decision. It will, therefore, be necessary for 
the investigator to so arrange his working reagents that only 
those sera will be reported upon as positive that have with- 
stood every attempt at negativation. Of course, it is pos- 
sible to add so much of the amboceptor that even the posi- 
tive serum of a patient with general paresis will eventually 
hemolyze. It is my experience that many weakly positive 
reactions are due simply to the use of too weak reagents, 
such as a poor (too old) complement, or the using of the 
Citron method of standardizing the amboceptor and of em- 
ploying only two units. Using too much of the inhibitory 
extract is another factor in the production of weakly positive 
results or positive reactions on non-luetic patients. The 
reading of end-results must take into consideration all these 
points, and allowance must be made for the atmospheric 
pressure and meteorologic conditions. The careful worker 
will, therefore, in the course of time, consider a serum as 
positive only when it has resisted all the attempts at nega- 
tivation just described — -i. p., the use of three or four ambo- 
ceptor units, the caipIo,\Tiient of only one-half or even one- 
third of the inhibitory unit, the selection of vigorous animals 
for the complement, etc. It is absolutely necessary for the 
reliability of at least the positive Wassermann that the 
serologist should entirely disregard diagnostic responsibili- 
ties and merely submit the results of his test-tube analj"ses. 
He should frankly admit his mistake when a positive report 
is given on a non-syphilitic individual, and not defend his 
results by the arguments previously mentioned here. He 
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should make every attempt to negativate sera, and only 
when this is impossible should he report that a given serum 
is positive. By assuming this attitude I was enabled to 
report correct positive Wassermann results in all but 0.3 per 
cent, of positive results. The 0.3 per cent, were errors, as 
pointed out by the clinicians who treated the patients in 
question. The percentage of negative reports in syphilitic 
sera was naturally very large; nevertheless, when the number 
of recently treated syphilitics, as well as eases of old, quies- 
cent tabes, is deducted from this list, the percentage of 
such reports is reduced to about 7 of the entire number of 
sj^hilitic sera. 

In submitting a serum for analysis it is important, in order 
to obtain an unbiased opinion from the laboratory, to with- 
hold the clinical findings in the case. The factor of personal 
equation is a very great one in reading end-results, and often 
influences the serologist to report as weakly positive, sera 
that would have been considered as negative had the serol- 
ogist been unaware of the physician's opinion in the case. 
Of still greater significance is it to keep the laboratory in 
absolute ignorance of the clinical facts during the per- 
formance of scientific investigations with the Wassermann 
reaction, as the results from such premature knowledge are 
entirely derogatory to the reliability of the serologist's 
conclusions; it is absolutely impossible, in such instances, 
to leave personal equation entirely out of consideration. 
The possession of clinical facts previous to rendering results 
in a series of Wassermann reactions, as offered by some work- 
ers on the subject of specificity, or the introduction of new 
methods, makes the results of the research much less valu- 
able than if the same work were conducted independently of 
such clinical knowledge. It is my advice, therefore, to those 
who wish to engage in experimental work, to reject all in- 
formation that might interfere with the rendition of an 
unbiased and reliable conclusion. If this rule had been 
adoptefl before some reports were submitted the results 
would have been entirely different; biased opinion in these 
cases can be excluded with a fair degree of certainty. 

The average serologist is oftentimes unable to differentiate 
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between an incomplete reaction, which should not be re- 
ported upon as positive, and the unquestionable, complete 
inhibition; in such a case the majority of laboratory workers 
will report positive findings instead of performing the test, 
as Zeissler suggested, with less serum, or, as I am accus- 
tomed to do, use more amboceptor. The desire to detect 
as many syphilitic sera as possible and thereby, so to say, 
show an increase in his efficiency, makes the serologist with 
a moderate experience commit many avoidable errors; such 
a worker, if he is in possession of facts suggestive of sj'philis, 
is really afraid to report as negative the findings in such a 
patient, with the result that many innocent persons are 
made to carry the burden of a supposed infection, and, 
besides, are subjected unnecessarily to antiluetic medication. 
It cannot be denied that many individuals today carry the 
stigma of syphilis as the result of a superficial examination 
made by a physician before the days of the Wassermann 
reaction. It is to be deplored that today such occurrences are 
not only not diminished, but are actually increased, as a re- 
sult of the serologist 's attitude toward the Wassermann teat. 
Attempts have been made to increase the sensitiveness of 
the test by using methods that are calculated not to make 
the number of negative findings greater, but, on the con- 
trary, to make the number of positives as great as possible; 
the fact that the number of innocent sufferers is also in- 
creased is not considered. Such methods are the result of 
laboratory overzealousness and insufficient clinical knowl- 
edge. The work of Noguchi, although excellent from the 
standpoint of the laboratory expert, is sadly lacking in those 
clinical qualities that make the method he elaborated as 
useful as he would like to have it. The same can be said 
regarding the "Auswertungs Methode" of Hauptmann, who, 
in order to avoid the possibility of reporting as negative 
specific cerebrospinal fluids, uses quantities so large that a 
positive result is eventually obtuned in some non-specific 
fluids. 

The chief function of the laboratory worker, in my opinion, 
is not so much to detect every syphilitic, but to protect the 
non-luetic individual from a wrong diagnosis and useless 
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treatment. It should be the duty of every serologist to 
do his utmost to secure results that are diaracteristic of 
the unequivocal positive Wassennann, and he should con- 
sider himself as expert only when the number of positive 
reports on non-luetic sera approaches the zero mark, and 
not when his results with positive material approadi the 
100 per cent, efficiency maik. As previously stated, there 
are no two ways of performing and rendering results with 
the Wassermann reaction — either one is erring on the posi- 
tive side, or commits the greatest number of mistakes on the 
n^ative side, and the latter is by far the lesser evil of the 
two. Clinidans ought to acquaint themselves with the 
views of the serologist before placing any confidence in his 
results. In concluding this ver>' important section I would 
warn the clinician against the imerring serologist; in the 
present state of our knowledge of inmiunoserolc^ such 
workers are a menace to physicians and patients. 




TEIE SEROLOGY OF NERVOUS AND HENTAL 
DISEASES OF NON-LUETIC ETIOLOGY 



NoN-sYPHlUTic nervous and mental diseases have no di- 
rect connection etiologically with the spirochetes of s.vphilis. 
Although a patient with any one of the neurologic affections 
may have come in contact with sj-philis either prenatally 
or postnatally, it is universally conceded that the disease in 
question is not sj-philitic, although it may be argued that 
lues may have played a part as a predisposing factor. What- 
ever its relation to the diseases mentioned below, antiluetic 
therapy plays no very important rfile in their amelioration 
or eradication. This statement applies only to those cases 
whose senim and cerebrospinal fluid display a persistent 
negative Wassermann reaction; where the anamnesis and 
the physical examination reveal luetic manifestations, 
antiluetic measures are, of course, to be undertaken. On 
the other hand, one must not lose sight of the possibility 
of a coexistent lues of the viscera in a patient with any one 
of the acceptedly non-luetic diseases of the nervous system. 

From a clinical point of view, the differentiation requires 
great analytic experience, as well as a soimd consideration 
of the serologic data; it suffices here to mention the co- 
existence of lues in a profound neurasthenic or in a patient 
with multiple sclerosis, in which cases it may, perhaps, be 
excusable to think of general paresis in the former, and of 
cerebrospinal lues iu the latter. That there are fine points of 
differentiation in both conditions one must admit; also 
that there are some cases in which even careful and ex- 
perienced clinicians have failed to establish definitely the 
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nature of the malady. The purpose of the following ex- 
position of the serology of non-luetic nervous and mental 
cUseases is to give to the clinician additional means whereby 
errors may be eliminated by the performance of a series of 
tests which, together with the clinical findings, will complete 
the bedside and the laboratory picture of a given disease. 
At the conclusion of each clinical picture the serology of 
the disease as found in the majority of instances will be 
given; this serologic picture will be designated as the "average 
formula." For the sake of brevity the Wassermann reaction 
will be designated as W. R.; the globulin, as Gl.; the cell 
count, as PI. (pleoc>'tosis) ; Fehling's reduction, as Feh. If 
normal or absent, the minus sign (-* ) will be used; if present 
or in excess, the plus sign (+) will be employed. In the 
case of Fehling's reduction, the presence of an excess of 
reducing substance (glucose?) will be tabulated as + + . 
This will also apply to a marked excess of globulin and to a 
hj-perljTDphocytic cell count. Instead of the word "serum," 
S. will be used, and C. S. F. will represent the cerebrospinal 
Quid. 

MENINGEAL AFFECTIONS 

HicoTic Heningitis With demonstrable bacteria in 
THE Fluid 

Epidemic Cerebrospinal Meningitis. — That this form of 
meningitis is caused by the organism known as Weiehsel- 
baum's diplococcus, and that the pneumococcus of Frankel 
is not a causal factor in epidemics of the disease, are accepted 
by most authorities. The serology of the acute form shows 
a marked increase in the cellular content of the spinal fluid, 
which may number several thousand to the cubic millimeter, 
and may even be so abundant as to make an actual count 
without great dilution impossible. The cells show great 
variety, with a large percentage of polynuclears, and the fluid 
is often purulent. The globulin is greatly in excess, and may 
be obtained in a fluid diluted 1:10. Other protein bodies 
are also present, and are demonstrable by suitable chemical 
methods. The reduction of the Fehling solution b absent, 
as a rule. 
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It is advisable for the serologist to come to the patient 
prepared to inject any of the remedies in use. The efforts 
of Wassermann-Kolle, Lepine, Jochmann, Flexner, Schoene, 
and others have placed at the disposal of the clinician im- 
mune substances capable of influencing this very fatal affec- 
tion. As no time must be lost, and the patient's serious 
condition must be considered, the serum should be in- 
jected as soon as the diagnosis is corroborated by the Diicro- 
scope ; hence the advice just given, to be prepared with every- 
thing necessary for the purpose. In a case in which I was 
called into consultation the equipment consisted of a micro- 
scope, staining fluids, counting chamber, 75 c.c, of Flexner's 
antimeningitic serum, and a lumbar puncture needle. As 
no lymphocytosis was obtained, the fluid was not injected. 
An interesting study of this subject was made by Sophian 
in a recent epidemic. Average formula: S.: W. R, — ; 
C. S. F.:W. R. -;GI. + + ; PI. + + ; Feh. -. 

Influenza Meningitis.— In two cases of this disease I found 
the typical organism described by Pfeiffer. There was a 
moderate lyraphocj^tosis in both instances, with an excess 
of protein. Fehling's solution was not reduced in one case, 
whereas the other gave a prompt reduction. The fluid that 
did not reduce the Fehling solution showed 82 polynuctear 
cells to the c.mm., besides 167 lymphoc,vtcs. The poly- 
nuclear content of the other was very low, showing only 3 
polynuclears to the cubic millimeter. Average formula: 
S.: W. R. - ; C. S. F.: W. R. - ; GI. +; PI. +; Feh. +. 

Diphtheric Meningitis.— Bonhoff, Leede, and others were 
able to demonstrate the Klebs-LofHer bacillus in menin^tis 
accompanying diphtheria. Aside from the presence of the 
bacterium, the other meningitic laboratory manifestations 
were also demonstrable: globulin excess, pleocjtosis, dimin- 
ished reducing substance, increased pressure. 

Gonococcic Menii^tis. — The gonococcus may invade the 
meninges. The literature contains observations made by 
Fiirbringer, Deposse, de Josselin de Jong, and a few others, 
who found the gonococcus in the cerebrospinal fluid. That 
the gonococcus resembles the meningococcus of Weichsel- 
bamn very closely b true, and one may with justification 
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question the genuineness of the observation; on the other 
hand, I have heard the opinion expressed by an authority 
whose judgment in such matters carries great weight, that a 
certain meningomyelitic process was of gonococcic origin, 
this remark having been made after opening the dura and 
making a study of the contents of the dural sac. 

Typhoid and Paratyphoid Meningitis. — ^A genuine menin- 
gitis caused by either the typhoid or paratyphoid micro- 
organism is a possibility, although a rare one. Lenhartz, 
Silberberg, Hugot, Boden, and others reported the finding 
of these bacilli in the cerebrospinal fluid. It does not neces- 
sarily follow that the meningeal symptoms frequently en- 
coimtered in these diseases are the result of a micotic menin- 
gitis; the irritation, as will be pointed out further on, is, in the 
majority of instances, a reflex one, if one may be permitted 
to use the term in connection with a meningeal response to a 
general infection without being itself (i. e., the meningeal 
structure) attacked by the bacilli. 

Tuberculous Meningitis. — ^This form of meningitis is 
always secondary to a focus existing elsewhere, although 
during life, and even at the postmortem exammation, the 
primary lesion may not be found. The serology of this dis- 
ease is characterized by the presence of a lymphocytosis which 
may be very pronounced, or may be accompanied by an ex- 
ceedingly small number of cells. When the condition is 
present in pure form, one usually finds the lymphocyte; 
when there is a mixed infection, the presence of polynudear 
elements is demonstrable. In the case of a mixed infection, 
it is possible to estimate the extent of the inflammatory 
process by the number of polynudear elements. As the men- 
ingitis subsides the polynucleosis also tends to diminish, 
and the previously absent Fehling's reducing substance 
gradually returns. 

A pure lymphocytosis in a child should always suggest a 
tuberculous meningitis, and a diligent search for tuberde 
bacilli should be undertaken. With the milder forms of 
this disease the protein content is not markedly increased, 
whereas a marked excess — ^up to a 1 : 5 dilution — is obtainable 
in the severer forms, particularly where a mixed infection is 
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present. The search for the tubercle bacillu3 frequently con- 
sumes much time, and in the end the bacillus may escape 
detection. Some writers claim to have found this organism 
in over 90 per cent, of their cases of tuberculous meningitis, 
& fact not borne oiit by my own experience. 

According to Trembur,' it is possible to increase the num- 
ber of tubercle bacilli in a given tuberculous fluid by sub- 
jecting the obtained fluid to an incubation temperature for 
twenty-four hours, all precautions against contamination 
having been obser\ed. The number may be so largely aug- 
mented that one can obtain without difficulty one or two 
good specimens from every six or seven fields. 

Mestrezat lays great stress on the fact that the meninges 
in tuberculous meningitis present a greater permeability to 
nitrates than does any other meningeal involvement. He 
gives the patient 1 gram of sodium nitrate for every 30 
kilos of body-weight, and analj'zes the fluid three hours 
after the ingestion of the salt. In the normal state the 
amount of sodium nitrate obtained in the fluid ranges from 
8 to 10 milligrams per liter. The amount obtained after 
the ingestion of I gram of the salt may vary 1 or 2 milli- 
grams normally. In case of tuberculous meningitis, the 
quantity obtained may be anj^where from 40 to 85 milli- 
grams. His tables show that after ingestion of the salt 
in any other form of meningitis the augmentation in the 
amount of nitrates in the fluid is strikingly small, as may 
be seen from the following examples: 

CumCAI. t>LI0IIOSU. MlLUaBAHB nr SODIDH 

Tabes (6 cases) 9 to 13 

Artoioeclnosis (2 cases) 12 h) 14 

Cerebellar glioma 8 

Cerebral congestion 10 

Syphilitic paraplegia 18 

Multiple sclerosis 15 

Tuberculous meningitis (9 caeee) 43to8S 

Syphilitic meningo-eneephalitia (eemi-coma) 40 to 45 
Cerebrospinal meningitis 3S 

In one case of this disease Hauptmann, using the "Aus- 

wertimgs Methode," obtained a positive Wassermann reac- 

Trembur: Klin. Jahrbuch, No. 24 
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tion; this is to be considered as a result of the use of larger 
quantities of fluid than are employed in the Wassermann 
school; the possibility of syphilis as a factor in its production 
may be an argimientative subject, but cannot, in view of the 
clinical facts of the case, be considered. Average formula: 
S.: W. R. -;C. S. F.: W. R. - ; Gl. +; PI. +;Feh. +. 

Paeumococcic Meningitis. — In a case in which I had the 
opportunity to analyze the fluid showing this coccus, the 
cell count showed 84 lymphocytes per c.mm. and 8 poly- 
nuclear cells; the protein content showed a 1 to 3 ex- 
cess, and the Fehling's reduction was prompt. This form of 
meningitis is not uncommon. Average formula: S.: W. R, 
-;C. S. F.: W. R. - ; Gl. -|-; PI. -|-;Feh. +. 

Meningitis of Otic Origin,— The presence of a meningitis 
in a pumlent otitis media is not always to be demonstrated 
by lumbar puncture. When found, however, it adds an 
element of danger which greatly complicates the treatment, 
as well as rendering the prognosis much more grave. The 
severity of the meningitis is dependent upon the patho- 
genicity of the causal microorganism. As a rule, the infection 
that follows an otitis is usually a mixed one. On the other 
hand, it is not rare to have a serous meningitis as a result 
of ear suppuration. The serology in such a case is usually 
negative, or may be accompanied by an increase in protein 
without an accompanying lymphocjtosis. Some cases im- 
prove spontaneously after the lumbar puncture, a point that 
may be utilized in the therapy of such cases (A. Bruce). 
Although the presence of pus and bacteria in the fluid ol>- 
tained by lumbar puncture is significant in itself, it never- 
theless does not help us to differentiate between meningitis 
and brain abscess. The performance of lumbar puncture 
in otic complications is not devoid of danger.' 

The fluid usually contains cells and bacteria, and is turbid ; 
this occurs, of course, only when the commimication between 
the cavity of the skull and the spinal canal is open, which is 
not always the case. 

The consensus of opinion of aurists is divided on the sub- 
ject of lumbar puncture: some would employ it for diag- 
' Grunert: MUnch. m«l. Woch., 1905. 
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noHtic purpones in every instance; whereas others would 
resort to it only In cases where the differential diagnosis de- 
mami« it. Average formula: S.: W. R. - ; C. S. F.: W. R. 
-;(;i. +: I'l. + + ; Feh. -. 

Staphylococcus Meningitis.— The Staphylococcus aureus 
or albiJH may be the exciting cause in this form of meningitis. 
'I'lie (runditiiin is observed usually after injuries to the skull 
or (luring the («urse of sepsis. On the whole, it is a very 
rare furni of infection, and is demonstrable only by careful 
(iilUirtil niethi)ds. One rarely finds the coccus in the smear 
pri'piirntioti. When the opportunity for growth and prop- 
agation in favorable, the coccus may then be observed in 
the Hinear. The remaining serology is the usual meningitic 
ptMK'ytuHiii, globuhn excess, etc. 

Btraptococclc Meningitis. — This form of meningitis is 
((eiienilly HtrwuKJary to a streptococcic invasion elsewhere. 
In the caN! (if the Streptococcus erysipelatis, the meningitb 
develo|)H, art a rule, after one or more of the cranial sinuses 
have become involved. The meningeal reaction is very 
nevere, and goes hand in hand with the clinical manifesta- 
tioiiH, as well as witli spinal fluid changes. In the strepto- 
rnccio varieties of meningitis are to be found the most puru- 
lent Hpinal fluids. 

Plant desrrtbed a Streptococcus mucosus which was first 
seen hy Bonome. Acconiing to the former ob^er^'er, small 
ei»idemics of thiH form of meningitis were observed by him, 
the mortality ranging from 40 to 50 per cent. In the sporadic 
furmH of this disease the meningitis was secondary to an 
otitis media punilenta. Of these cases, every one proved to 
he fatal. The microorganism was demonstrable in the 
spinal fluid, and, besides showing the usual characteristics 
of an acute purulent meningitis, the cell count in one in- 
stance showed 30,720 cells per cubic millimeter, of which 
90 per cent, were poljTiuclear elements. The streptococci 
capsules are seen in the smear, and appear in long chains, 
visible in every portion of the preparation. 

Tlie Streptococcus putrid us was demonstrated in the 
spinal fluid as a secondary invasion from a focus in the ear, 
and in another instance in the course of puerperal sepsis. 
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The nature of the streptococci, with the possible exception 
of the Streptococcus mucosas, is best demonstrated by 
culture. 

Remarks.— Besides the micotic invaders just mentioned, 
various authors have reported the finding, in the cerebro- 
spinal fluid of the Bacillus coli commune; the Bacillus pyo- 
cyaneus; the Bacillus mallei; the Bacillus anthracis; the 
saccharomyces and the actinomyces. 

In all forms of micotic meningitis the disease process 
may be confined to a very small area, giving rise to local 
manifestations onl\'. If the process is well excluded from 
the general meningeal area and from the channels through 
which abnormal elements find their way into the spinal 
fluid, one ma>' not observe marked changes in the fluid. Of 
course, an excess of globulin may be demonstrated, but even 
this may be lacking if the meningitis is in the frontal region, 
very small in extent, and well encapsulated. These circum- 
scribed forms of meningitis may frequently escape labora- 
tory recognition on one occasion, and at a subsequent punc- 
ture may manifest all the signs of a meningitic process, 
the result, most likely, of the extension of the process or of 
the breaking down of the protective barriers. 

If the protective barrier breaks down, one no longer deals 
with a circumscribed disease, and the bacterium becomes 
apparent either culturally or in the smear. The latter find- 
ing marks the existence of a diffuse cerebrospinal meningitis. 
The terms "pseudomeningitis" and "meningismus" do not 
convey the necessar>- information, and are only misleading; 
equallj' meaningless is the term "meningitis sine meningitide" 
(Ft. Schultze). We are justified in distinguishing between 
the diffuse and the circumscribed forms of meningitis mi- 
cotica, and I consider the absence of an accepted meningitic 
serology, such as a pathologic pleoeytosis, globulin excess, 
etc., as the distinguishing feature between the cireum- 
scribed and the diffuse forms of this disease. The presence 
of these manifestations, and, above all, the finding of the ex- 
citing microorganism, remo\e the disease from the class 
of the circumscribed meningitides. 
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NoN-MicoTic Meningitis 

Secondary Meningitis or Meningitis Serosa. — In contra- 
distinction to meningitis micotica we have meningitis serosa. 
Tlie cellular increase in the cerebrospinal fluid in the courae 
of a typhoid that presents meningeal manifestations is due 
most likely to a meningitis of tliis form. The bacteria are 
not, of course, demonstrable in the fluid. A general staphy- 
lococcus infection or certain infective endocarditides give 
rise to a serous meningitis. Other infectious diseases may 
also cause an increase in the number of cells in the cerebro- 
spinal fluid without demonstrating the bacterium responsible 
for the increase. In cases in which it is absolutely necessary 
to differentiate between the infectious fever and the cause 
of the meningitis careful cultural methods of examining the 
blood and the spinal fluid are the only means by which light 
is shed on the subject. In the presence of a positive blood- 
culture in a patient with an infectious disease showing men- 
ingeal complications, tlie absence of the bacterium from the 
cerebrospinal fluid is generally sufficient to establish the 
diagnosis of a meningitis serosa (non-micotica). 

It seems to me that further subdivision of the subject is 
only conducive to error, and I will, therefore, include under 
the heading of Non-micotic Meningitis or Meningeal Irri- 
tations all those conditions that are capable of giving rise to 
abnormalities in the cerebrospinal fluid, regardless of the 
fact that the irritation may have been transmitted through 
the wall of a bone cavity, without the actual inflammatory 
process coming in contact with the meninges. This will 
give us the meningitis serosa encountered during the course 
of an otitis media, frontal sinus disease, or disease of any of 
the cavities of the bones of the skull. The fluid is often- 
times altered but little, and at other times ma\- give rise to a 
pathologic cell count. The globulin is but rarely in excess, 
and Fehling's reduction is always prompt. Besides these 
factors, there are also a number of vascular and other 
brain and cord manifestations capable of producing sufficient 
irritation to give rise to the above serologic changes. Of 
these, sinus thrombosis and brain abscess, as well as tumors. 
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are to be mentioned. The appearance of a cellular in( 
in the cerebrospinal fluid is dependent upon a number of 
factors, irrespective of the cause that has produced the 
secondary meningeal manifestations. If the iter from the 
irritating focus to the subarachnoid space and into the 
intradural canal is clear and uninterrupted, one will find 
various cellular elements in numbers corresponding to the 
degree of irritation. If adhesions exist, or even if a thick 
layer of brain tissue inter\-enes, then a pleocj-tosis, even of 
moderate degree, will hardly be found. A tumor or a deep 
cerebral abscess in the frontal region will rarely give rise to 
abnormalities; a similar condition in the pontocerebellar 
angle will frequently give abundant e^'idence of the presence 
of an irritation. If the meningeal irritation is very severe, 
one will find, besides a pathologic cellular increase, also a 
marked protein excess, and at times even a fibrinous network, 
8 phenomenon encountered usually in acute meningitis. 

Pleocytosis as a response to an irritation is to be con- 
adered as one of the earliest manifestations in the course of 
repair, and hence may be regarded as the first attempt by 
nature to guard against a spreading of the noxious process. 
The preponderance of phagocj-tic elements (poljTiu clear 
cells) serves as an index to the degree of irritation. The 
milder forms of irritation show, as a rule, only few poly- 
nuclear cells, the proportion of the latter increasing as the 
irritating process gains in extent and intensity. Hence the 
presence of cells in a larger number than normal is alone suffi- 
cient to serve as a danger-signal that something is WTong 
somewhere with the meninges. In treating various cerebro- 
spinal conditions, the disappearance of the pleocj-tosis is 
also the surest index of the success of the treatment. 

This dictum is true of all cases, with the single exception of 
tumors of the spinal cord. In the latter the presence of a 
large amount of protein and the absent of a corresponding 
pleocytosis would tend to show that the protein bodies 
found are chiefly specific tumor proteins, secreted by the 
tumor cells themselves. It la certainly very difficult to ex- 
plain the absence of cells if the protein excess is accepted 
only as a meningeal response 
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Meningitis serosa is at times differentiated with difficulty 
from the circumscribed variety of micotic meningitis. 
Perhaps the absence of manifestations in any of the cavities 
of the bones of the skull, together with meningeal signs in 
the course of an infectious disease, ought to be significant 
guides in the establishment of a serous meningitis, provided 
careful cultural methods gave do evidence of the presence 
of a bacterium. It is extremely important for the surgeon, 
in particular, to be able to differentiate between a circum- 
scribed meningitis micotica, and a meningitis serosa, as in 
the former condition surgical interference may result in 
spreading the focus of infection, with the resultant general 
involvement of the meninges. 

Hypertrophic Laminated Spinal Meningitis. — In one 
patient, previous to making the lumbar puncture, the diag- 
nosis was tuberculous meningitis, being based on the signs 
at his apices and the gibhus in the dorsal column. The sj-mp- 
toms were so classic that only as a last resort was rachicentesis 
performed at the suggestion of the surgeon who subsequently 
operated upon the patient. The result of the rachicentesis 
was very striking, in that it gave no pleocytosis; in fact, not 
one cell was seen in the centrifuged specimen. The striking 
feature was the marked excess of protein matter, which 
congealed with heat into an albumin reaction. The presence 
of a possible tumor suggested itself, and the operation re- 
vealed a long plastic growth or, rather, what seemed to be 
a neoplastic formation. The specimen submitted for ex- 
amination showed a tough, fibrous structure, which, even 
to the unaided eye, appeared to be finely laminated. The 
microscopic examination showed verj' few cellular elements. 

Pachymeningitis Hsmoirhagica Intema-^In this condi- 
tion the chief manifestation is the tinge of the cerebrospinal 
fluid, which is sometimes yellow or pinkish. The cellular 
elements are, as a rule, not striking; here and there an old 
red cell, more or less crenated and otherwise distorted, may 
be found in the fluid. 

In cases where an abnormal (border-line) count is obtwned, 
one may also detect a slight globulin excess. 
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BRAIN DISEASES 

Cerebral Hemorrhage. — Although classiSed under the 
head of non-luetic diseases, sj-philis is by no means rarely 
present in vascular affections of the brain. Depending 
upon the proximity of the bleeding vessel to the ventricles to 
the subarachnoid space, and to the iter e tertio ad quartum 
ventriculo, blood elements will be found in the spinal fluid. 
It is remarkable how little interference will produce cellular 
alterations in the cerebrospinal fluid; in fact, it seems that 
the first manifestation of an abnormal condition is the 
appearance of small cells in the fluid, with the exception 
of proeesses producing very gradual compression of the 
spinal cord. In the latter, the non-appearance of cells in the 
majority of instances is justly considered as paradoxic. 
In old brain hemorrhages some investigators have demon- 
strated the presence of chemical constituents in the blood. 
The presence of these elements is, in my experience, an ex- 
ceptional finding, as the majority of fluids do not give 
chemical blood reactions in old hemorrhages, although some 
cells may show deposits of blood-pigment. Fresh blood 
constituents may find their way into the cerebrospinal 
circulation, with the proviso noted above. An excess of 
globulin is but rarely encountered, no matter what method 
of detection is employed. If it is present, syphilis is, perhaps, 
the causal factor in its appearance. In the ordinary simple 
arteriosclerotic hemorrhage of advanced age, the globulin 
content is. as a rule, normal. The serology of the serum may 
be positive or negative, and may or may not have any con- 
nection with the process responsible for the hemorrhage. 
It is quite different when a positive Wassermann is obtained 
in the cerebrospinal fluid, a result that invariably indicates 
that the vascular disease is a s.'vphilitic one. Where the 
Wassermann is positive in the spinal fluid, cells are also 
present, while a globulin excess, with ordinary methods, may 
be absent. The Lange method of using colloidal gold for the 
precipitation of globulin-like substances in luetic diseases 
of the central nervous system will give the reaction of an 
excess more often than the usual Nonne-Apelt, Noguchi, 
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Ross, or Kaplan methods. The reduction of the Fehling 
solution is prompt in every instance of brain hemorrhage. 
Average formula: S.: W. R.- or +; C. S. F.: W. R. - or 
+ :G1.-; PI. -; Feh. +. 

Cerebral Thrombosis.— The hemiplegias and paretic con- 
ditions produced by the gradual occlusion of blood-vessels 
give us the serology of the etiologic factor responsible for 
their existence. If sj-pliilis is the cause, one is apt to obtain 
a positive Wassermann reaction in the serum; here, as well 
as in other neurologic disorders, a positive Wassermann 
reaction in the senmi bears only a secondary significance 
in the serology of the disease. In thrombotic brain diseases 
one is more often confronted with the question of sj-philis 
than in the hemorrhagic cases. Nevertheless, a positive 
Wassermann serum reaction, in the absence of findings 
of a pathologic nature in the cerebrospinal fluid, need not 
be considered as final proof of the syphilitic nature of the 
thrombosis. Although suggestive of sj-philis, when the 
test is positive in the serum only, its significance is greatly 
enhanced when the cerebrospinal fluid contains either an 
excess of globulin with a pleocytosis, or only the latter. In 
such a case the Wassermann reaction may be absent in the 
cerebrospinal fluid without reducing the significance of the 
collective findings. A positive reaction in the fluid is at 
times obtained in such cases, which, of course, settles the 
entire question of etiology and treatment. The increase 
in cells, if present, is usually of those of the small mono- 
nuclear variety, and, as a rule, it very rarely exceeds the 
pathologic increase; border-line counts are the rule, with a 
normal globulin content and a normal Fehling's reduction. 
Average formula: S.: W. R. -; C. S. F.i W. R. -; Gl. -; 
PI, — ; Feh. +. Luetic average formula: S.: W. R. +; 
C. S. F.: W. R. + or -; Gl.-; PI. +; Feh. +. 

Cerebral Tumor. — The serology of cerebral tumors is al- 
most negative. In the case of gumma one may find a posi- 
tive Wassermann reaction in the cerebrospinal fluid, with a 
border-line or a pathologic cell count. I have never seen a 
pathologic increase or a hyperlymphocjtic count. The sig- 
nificant serology of spinal cord tumors is not obtainable 
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with brain neoplasms, unless the latter are situated in the 
posterior fossa of the skull. 

In estimating the \alue of a positive Wassermann reaction 
in the serum of a given case of brain tumor, one must be 
more cautious than in any other neurologic disorder, A 
positive Wassermann serum reaction was obtained in a case 
of brain endothehoma with a coexistent gumma of the liver. 
Only unquestionable spinal fluid positive Wassermann reac- 
tions should make one accept sj^jhilis as the cause of the 
tumefaction. 

The question of therapy is by no means settled by a 
positive Wassermann reaction in the cerebrospinal fluid and 
an increased cell count. Antisj^philitic treatment is to be 
resorted to only in case the tumor is not situated in the 
neighborhood of vital centers and when its size is small 
enough to encourage the hope that such treatment will effect 
its disappearance. In all other tumor cases surgery as prac- 
tised today is a much more rational and satisfactory proce- 
dure than medical treatment. One must also not be misled 
by the successful negativation of the serologic findings by 
drug treatment; it should be borne in mind, especially in 
cases of brain tumor, that the patient is suffering from a 
neoplasm, and not from a positive serology. There are 
cases on record in which the patient, regardless of the fact 
that a negative serology was obtained as the result of drug 
therapy, succumbed to the tumor, which proved to be a 
gumma. 

It must be conceded that inaccessible tumors of the brain 
are not helped by any form of treatment, whether the 
serology is positive or negative. As cases of sudden death 
have been recorded as a direct result of the rachicentesis in 
cases of brain tumor, caution must be exercised, particu- 
larly when the tumor is located in the posterior fossa of the 
skull. When it is absolutely necessary to make the puncture 
it is advisable, in order to a\'oid unpleasant consequences, 
to replace the removed fluid immediately by injecting an 
equal quantity of normal sterile saline solution, and to raise 
the foot of the bed about 12 to 15 inches. It seems that the 
tumor in the posterior fossa as the result of the removed 
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fluid encroaches upon the vital center in the floor of the fourth 
ventricle, causing respiratory or cardiac inhibition. The 
reintroduced saline solution may refill the cushion ot fluid 
and thus obviate fatalities, and the raised foot of the bed 
will tend to deviate by gravity the line of pressure away from 
the vital centers. Average formula: S. : W. R. — or +; 
C. S. F.; W. R. - or +; Gl. + or -; PL -; Feh. +. 

Cerebral Abscess. — In almost one-third of the eases of 
cerebral abscess the ear is the starting-point of the purulent 
process. Rachicentesis gi\'es abnormal findings, as a rule, 
when the accumulation of pus gives rise also to a meningitic 
reaction. This, however, is not an absolute requirement, 
as there are instances in which a pleocj-tosis and an increase 
in protein were observed without a demonstrable meningitis. 
A well-encapsulated abscess of the cerebrum will give a nega- 
tive result in the cerebrospinal fluid, no matter where it is 
situated. When a diffuse purulent meningitis is to be differ- 
entiated from a cerebral abscess, the performance of a lum- 
bar pimcture may frequently be of decisive importance. 
The former condition always presents a turbid fluid rich in 
cells (meningitic cell count), and shows a protein excess, as 
well as bacteria. All these patliologic con.stituents are to be 
observed only when the communication with the subarach- 
noid space is free; if it is shut off, one may find only a few 
cells (border-line count), with or without a mild protein ex- 
cess. It is also unportant, rn cases of diffuse purulent 
meningitis, to observe the behavior of the fluid toward 
Fehling's .solution. At the height of the meningitis one ob- 
tains no reduction of the solution, which, however, appears 
as the acute stage gives place to a chronic condition. As 
the greatest difficulty is often encountered in differentiating 
Ix'tween a diffuse meningitis and an abscess, the points just 
considered will prove of great usefulness. Average formula: 
S.: W. II. - ; C. .S. F. - ; Gl. - or -|- ; PI. -|- or - ; Feh. -|-. 

Cerebral Softening. — ^Tbis condition may give a positive 
Herology in those cases in which lues is the etiologic factor. 
Where the softening is due to a simple arteriosclerosis, one 
may occasionally find only a few cells (border-line count), 
and rarely only a slight protein excess. In the luetic cases 
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the Wassermaira reaction in the cerebrospinal fluid need 
not be positive, even when the "Auswertungs Methode" 
is employed. The reduction of Fehling's solution is always 
obtained. There are instances in which, as a result of the 
proximity to the meninges, a secondary meningitis is pro- 
duced, with the usual serology in such cases. (See Menin- 
gitis.) Average formula: S.: W. R. - ; C. S. F.: W. R. - ; 
Gl.-: PI.-;Feh. +. 

Hydrocephalus. — In this condition one usually finds a 
normal cell count. The globulin is present in normal quan- 
tities only. It is to be conceded that occasionally one 
finds a fluid with a border-line or a pathologic cell count; 
these cases usually also give a positive Wassermann reac- 
tion in either the spinal fluid or senmi or in both. This applies 
to the chronic, quiescent cases of hydrocephalus. In acute 
cases the cell increase may be decided and the globuhn in 
excess. In such instances the pressure of the stream is an 
important point to be considered; Quincke reports cases 
in which the pressure was over 1000 mm. The objective 
symptoms frequently improve after an abundant withdrawal 
of fluid, which procedure is to be performed with caution 
and with the use of a manometer, not permitting the pres- 
sure to return quite to the normal. In post-traumatic 
hydrocephalus (coUCTission of the brain) the cerebrospinal 
fluid is usually increased in amoimt; the pressure is also 
increased, while the cells and the globulin content are. as a 
rule, normal. In this condition repeated puncture and with- 
drawal of fluid is frequently followed by improvement in the 
objective symptoms. 

According to Quincke, the headaches of chlorotic indi- 
viduals are due to a condition that he designates as hydro- 
cephalus angioneuroticus. Average formula: S.: W. R. — ; 
C. S. F.; W. H.-;G1. -;PI.-;Feh. +. 

Amaurotic Family Idiocy. — This disease belongs to the 
large group of hereditary or congenital diseases more or less 
closely related to the diplepas. Sachs believes that this 
affection is to be observed exclusively among the Jews. 
Properly classified, it ought not to be considered with brain 
diseases, as, according to Frey, the pyramidal fibers are 
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tJdtomvdy atnpbaed, beades de g en crat wo of the ooctkal 
eelLi. 

Bat little, if any, wrolof^ work has been done on this 
very int«re*ting and o^Mcure affection. I had the tqipor- 
tunity to study the hctoIo^- in one patient, and could find no 
deviittirni from the normal in the senim or in the cerebrospiiul 
fluid. In another patient, where the serum only was avail- 
able tor ntiidy, and gave a negative Wassennann reaction, 
the parentH were also examined, with the result that the 
motlier ({avc a positive and the father a negative Wasser- 
maiin renult. It Hvems to me that the positive reaction 
(dyphilis?) \>van no etiologic relationship to thb disease. 
Httl the Hpinul fluid Wassermann been positive, we would 
have formul quite a different conception of the entire 
imyvHH, In two other babies the serum Wassermann was 
found U) Ite ncfttitivc. It is to be hoped that in the future 
innrtt crxtonnive rhcmieal studies of this form of infantile 
(wri^briMpinul degeneration will be made, especially on the 
dpinal fluid. AvcrnKe formula: S.: W. R. -; C. S, F.: 
W. ».-; (;i.-; I'l.-; Feb. +. 

SPINAL CORD DISEASES 

Hplnal Spiitlc Paralysis (Lateral Sclerosis). — ^This is a 
wcllMli'liiifd clinical entity, and in the adult, considered 
from thi' Nc'Polonic point of view, is entirely negative. When, 
hiiwpvur, HyphiliH in pn-sent as the etiologic factor of the 
iHtrrul Nclfnmia. or in only u coexistent factor, great care is 
mpllnvl for iV% proper interpretation. In the former one 
w<iulit ttxptvt (vrrbnutpinnl fluid abnormalities, with or 
without n (HMiitivc WiiMermaun rt-Rction in the fluid or in 
thf wnrni or in both nieilin: in the latter instance abnor- 
IDAlitiiW hi tlM> fluid lOioiilil, of course, be absent. Average 
fitfumU; S.: W, H. - : C. S. F.: W. R.-; GI.-; PI.-: 
tVli. t . 

C«n(«nital SiMstic PanUysis (Little's Disease^.— TMs is 
prt*nuiM'nll,v h dis^^«M' of the motiw area. That either the 
hmiu or ll«' spinal ixmt may Ix* implicated in the process 
Ua )>tvt.tibility ; (he (wo are. Imwrver. usviall>~ found affected 
h^Kfthtf, am) the ft^itier imtre e\trrisi\'v4\- so than the 
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latter. The most important et!ologic factor in this condi- 
tion is cerebral trauma inflicted during birth, which alone is 
sufficient to produce inhibition in the development of the 
pyramidal tracts. Only in very few instances can sj-philis 
congenitalis be considered as a cause of the disease. The 
serology of the cerebrospinal fluid is usually negative. 
Not a single case among 6 analyzed by me gave a positive 
serologic result. In one instance the parents admitted lues, 
but gave a negative Wassermann reaction in the serum. In 
two other instances the parents denied lues and gave nega- 
tive serum Wassermann reactions. Average formula: S.: 
W. R. - ; C. S. F.: W. R. - ; Gt. - ; PI. - : Feb. +. 

Senile Spastic Paraparesis. — As the name implies, this is 
a disease of the aged. In the majority of instances the 
changes are similar to those seen in arteriosclerosis of the 
vascular system of the spinal cord, and sclerotic changes 
are also seen near the vessels in the white matter of the 
cord. The Invohement of the cerebral motor tracts by 
small foci may also give the picture of a spastic paraparesis. 
The serology is, as a rule, negative, as lues can be excluded 
in almost every instance. Average formula: S.: W. R. — ; 
C.S.F.: W. R.-: Gl.-; PI.-; Feh. +.1 

Combined Sclerosis. — A few such cases were observed 
at the Neurolo^cal Institute. All these showed more or 
less severe blood changes, although not one assumed the 
severity, so far as the morphology and numeric relation- 
ship are concerned, of the blood-picture of the so-called 
pernicious anemia. The changes were mostly confined to 
the red blood-corpuscles, which showed granular and hemo- 
globinemic degenerations, with or without a polychromato- 
philia. In one case a pronounced anisocytosis, and in an- 
other a marked maerocj-tosis, were the only abnormalities 
noted. The etiology in these cases was not determinable, 
although it was believed at one time that some toxic sub- 
stance played the chief rfile. The serology of these patients 
was very interesting, in that three of them gave a marked 
increase in the globulin content of the cerebrospinal fluid. 
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without an incmae in the cell count; one gave a bonIe9'-4uie 
l^eoc^tosis. Syphilis could be exduded dinicaily. and if 
the negative Wassennaim reactions can be taken as sg- 
nificant in these instances, also serolt^cally. In these cases 
the globulin excess was so great that even a 1 : 10 dilution 
gave the reaction usually obtained wilii an excess. It will 
be shown further on that such findings are usually asso- 
ciated with a spinal cord compression.' Average formula: 
S.: W. R. - ; C. S. R: W. R. - ; GL + or - ; PI. - ; Feh. +. 

Hereditary Ataxia (Friedreich's Disease). — So far as I 
kraiw, there are no serologic records in the literature con- 
cerning the serology of this rare neurologic condition. One 
cue analyzed by me gave absolutely negative findings. 
It may, however, be necessary at times to differentiate 
between this affection and cerebrospinal syphilis, a task which 
■htnild not offer any difficulty in view of the serology of the 
Utter dittftse. I lielieve that syphilis is rarely a cause of this 
dioeaae. As iti name suggests, heredity plays a more im- 
portant part than anything else in the etiology' of this nervous 
diBordcr. Average formula: S.: W. R. -; C. S. F.: W. R. 
-; 0!,-; PI.-; Feb. +. 

Acute Myelitis. — In a case where the sj-mptoms were 
iwhrred in womewhat suddenly, with pain in the region of the 
Hlih^ti and the signs of a transverse myelitis, which was for 
a nhort time regarded as a cord tumor, severe degenerative 
bloTHl-rhanKCH were observed by me, and the observations 
rci»ortcd together with those of Dr. Collins. The blood- 
pirture was described as a promyelocytie leukemia. The 
!)l(«Hl-<:ulturc wos negative (sterile). During his sojourn 
in the hospital the patient developed signs of pulmonarj' in- 
farction, and died h few days later. The serology was nega- 
tiv(\ with tlic exception of a border-Hne count and a slight 
globulin excess. In post-infectious myelitis one usually 
finds such changes in the serology, with occasional red blood- 
rorjiiiflclcs and blood-pigment in the cerebrospinal fluid. 
The Wnssermann reaction is negative. 

The reduction of Fehling's solution may be impaired 

and give a violet thige to the fluid, and only a sparse de- 

■DuiiHL Jour. Nerv. Dis., 1S99. 
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posit of reduced copper will be seen on the bottom of the 
test-tube. 

It cannot be denied that severe changes in the blood may 
exert deleterious influences on the cerebrospinal apparatus, 
and that the abnormal serology of these patients is to be 
considered as of the same significance as severe infections, 
which, as is known, frequently render the serologic findings 
abnormal. The qualitative study of the blood in these in- 
stances is a very essential feature of the entire clinical pic- 
ture, particularly where the condition, in its clinical and 
serologic aspects, resembles a tumor. Average formula: 
S.:W.R.-; C. S. F.: W. R. -; Gl. + or-; PI. - or + ?; 
Feh. +. 

Anterior Poliomyelitk. — In the acute form one usually 
finds border-line counts and a normal or slightly increased 
globulin content. The Wassermann is usually negative 
in the serum and spinal fluid. That positive Wassermann 
reactions may be obtained in the serum must be admitted; 
a similar result on the cerebrospinal fluid, however, should 
make one reconsider both factors, clinical and serologic, 
for when the Wassermann reaction is truly positive, I would 
not hesitate to doubt the clinical interpretation of the afTec- 
tion; on the other hand, if repeated serologic reports from 
different laboratories do not strictly coincide, then the 
serology should be discarded and poliomyelitis accepted as 
the clmical diagnosis. The positive Wassermann reaction 
obtained on the serum can be accounted for by a preexisting 
congenital lues, but I am inclined to consider the serologic 
result as an error in the performance of the test, unless 
distinct signs of congenital lues are at hand. As the dis- 
ease progresses and enters upon the prolonged chronic stage, 
one usually finds nothing abnormal in the serology with 
the exception of a positive Wassermann reaction in the 
1 congenital syphilitics. There are no definite land- 
marks in the serology of poliomyelitis, nor does bacteriology 
help us in this instance, although a filterable toxic substance 
was obtained which proved to be noxious to monkeys. 
Average formula : S. : W. R. - ; C. S. F. : W. R. - ; Gl. - ; 
PI.-; Feh. -|-. 
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A very import&nt contribution to our knowledge of this 
aifectJiTn was pven by Peabody, Draper, and Doohez. These 
iiirKrven find a variably high pressure, which, however, is 
tuA diai^owtic. The cells are exceedingly numerous in the 
«irli«it stagKi of the disease, at which time the percentage 
tA pr>lynuclear elements may exceed 75 per cent. As the 
dincaxv progreHses the number of cells tends to diminish 
and may reach the normal or, at most, border-line counts. 
They find the highest counts in the preparalv-tic stage of the 
diieaffe, the number of cells gradually diminishing to nonnal. 
Of 45 cases, S showed 50 cells and over per c.mm., while 
in the second week 23 gave normal counts. Of 40 cases 
in the third week, only one gave a count of over 50, while 
only 8 were above normal. As compared with the cell count, 
the globulin content is, as a rule, low in the first part of the 
acute stage, tends to rise during the second and third weeks 
of the disease, and then gradually falls. These authors con- 
clude that the marked cellular increase is characteristic of 
the eariy stage of the disease, ami that the higher globulin 
contents are significant of the more or less advanced form. 
The foregoing studies were conducted on children, but it must 
not be forgotten that acute anterior poliomyelitis was also 
observed in the adult, although no rachicentesis was per- 
formed. The danger in such instances is the suspicion of 
syphilis, which may ilefer proper treatment in due time. 

Amyotrophic Lateral Sclerosis. — In this very interesting 
disease the serology is, as a rule, entirely negative. Al- 
though I had the opportunity of analyzing only 6 cases, I 
believe I am justified in making this statement, in view of the 
absence, in the literature, of an^-thing to the contrary. 
Again, a positive Wassermann can be obtained in the serum 
of those who were infected subsequently to the development 
of the amyotrophic condition. It is an accepted fact that 
syphilis as an etiologic factor has no bearing on this affec- 
tion, although it must be admitted that a lesion of the 
anterior horn cells and the pyramidal tracts can be pro- 
duced by syphilis. Average formula: S.: W, R. — ; C. S. 
F.: W.U.-; GI. - ; PI.-; Feb. +. 

Muscular Atrophy (Spinal Fonn). — In this 
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disease, but in a few instances only, sj-philis plays an etio- 
logic r6le. This contention was advanced by Dana' in his 
statistics. In one patient only was I able to obtain a posi- 
tive Wassermann reaction in the serum, the history of 
syphilis antedating the advent of the neurologic disorder. 
In another patient who gave a suspicious history a nega- 
tive Waasermann was obtained on the serum, but another 
reaction, which will be spoken of further on, was positive. 
The cerebrospinal fluid was negative in 5 cases observed by 
me. I cannot state whether remedies directed against 
syphilis arrested the progress of this disease. Average for- 
muU: S.: W. R.- or +; C. S. F.: W. R.-; Gl.-; 
PI.-; Feh. +. 

Progressive Muscular Atrophy. — In typical cases this dis- 
ease shows no appreciable changes in the cord or nerves; 
the muscles are the seat of the pathologic process. The 
serology is entirely negative. Average formula: S.: W. R. 
-; C.S.F.: W, R.-; GI.-; PI.-; Feh. +. 

Progressive Muscular Atrophy (Neurospinal Form).— 
Although heredity plays an important etiologic rSle in this 
disease, sj'philis is not considered as a factor. In two in- 
stances the serology was negative. The possibility of 
subsequent contamination with sv'philis after the advent of 
the neurolo^c disorder must always be borne in mind. {See 
the section on General Considerations.) 

In such an instance a positive Wassermann reaction de- 
mands great care in establishing the time relationship be- 
tween the infection and the beginning of the neurologic dis- 
order. In such cases also the Wassermann test should be 
performed more than once, and preferably by different se- 
rologists. Average formula: S. : W. R. - ; C. S. F. : W. R. - ; 
Gl.-; PI.-; Feh. +. 

Multiple Sclerosis.— This disease is not nearly so prevalent 
in America as it is in Europe. I had the opportunity of ana- 
lyzing 16 cases serologically. In only 3 was the Wassermann 
reaction positive in the serum, all having shown anamnesic 
factors of lues. Not one case gave a positive Wassermann 
reaction in the cerebrospinal fluid, the original Wassermann 
I Dana: Jour, of Nerv. Via., 1906. 
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fijetJuKi bi'iiiit used. The cells were always witluD the 
iiijnniil liiiiitM or, at most, gave the smaller of the border-line 
iiumt. Thfl ([lolmlin was never found to be in excess, and 
ifiB I'whliiiK rwiuction was prompt. It is my opiuion, al- 
tlwm^h aupportcd by only 16 analyses, that it is safer to 
rt-t(anl tJitt liiiiliiiK of a positive Wassermann in the cerebro- 
»piiiul (liiiil in this disease as a technical error than to assume 
that nyphilia is the oiiiise in a given case of multiple sclerosis. 
Tlifi oldftinlng of a positive result with the "Auswertungs 
Mctthudp" is, ill my opinion, of value only when the same is 
obtainahli; with the use of smaller amounts of fluid — as 
littlf UH 0.1 i:v. The absence of a pleocj-tosis and of a 
globulin exctnui greatly minimizes the genuineness of a posi- 
tive Wansorinann reaction obtained in the cerebrospinal 
fluid in this dijifase. Concerning this, more will be said 
further on.' Average formula: S.: W. R. — ; C. S. F.: 
W. It. - ; (il, - ; I'l. - ; Fch. +. 

Syringomyellt.— In this condition one may obtwn a 
murkcl increaMi of protein without a pleocytosis. As a 
rule, the WuHMtnnuiui reaction is negative, as it has nothing 
in wmimoti with this disi-aw'. In one instance the fluid 
WM colored a lemon yellow and did not give a Berlin-blue 
reaction, [n four other cases the fluid was absolutely 
normal. Averttgi- formula: S.: \V. It. - ; C. S. F.: W. R. 
-: (;i.- or +; I'l.-; Fell.-. 

Hematomyelia. — A hemorrhage may take place in a pre- 
existing cavity as the result of a syringomyelia. The con- 
dition is not a very coninmn one, and is usually observed in 
those whose healtli is below pur, and whose spinal cord is 
lea.s resistant than normally. Whether sj-philis can so alter 
the nutritive balance of the cord tissues as to make them less 
resistant to sudden or prolonged strain and thus induce 
rupture of a blood-vessel is not known. In two instances — 
one a girl of seventeen and another a man of forty-two — 
no abnormalities were observed in the fluid or the serum. 
The patients were studied a few months after the acute 
attack. What the serology would have shown had the fluid 
been analyzed immediately after the hemorrhage is merely 
See Kaplan: Deut. med. Woch., May 29, 1913. 
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presumptive. Average formula: S.: W. R. — ; C. S. F.: 
W.R.-; Gl.-; PI.-; Feh. +. 

Spondylitis Tuberculosa. — The serology of this condition 
depends entirely upon the extent of the involvement of the 
contents of the vertebral canal. A small tuberculous focus 
that does not interfere with the integrity of the meninges 
will, as a rule, give rise to no abnormalities in the cerebro- 
spinal fluid; on the other hand, if great swelling and cord 
compression is produced, the fluid ttill be altered and will 
show an excess of protein matter (globulin?) and also a few 
cells. Not until a meningitis is produced will the fluid show 
a pathologic or a hyperlymphocj-tic count. In one case, 
described under the head of Hypertrophic Laminated Spinal 
Pachymeningitis, theetiologic factor was most likely a tuber- 
culous focus in the vertebrie, and the laminated structure 
in that case could be regarded as a means of protection 
against invasion by the tubercle bacillus. Average formula: 
S.: W. R.-; C. S. F.: W. R.-; Gl. + or-; PL-; 
Feh. -I-. 

Tumors of the Spinal Cord.— Strictly speaking, any factor 
that is capable of exerting pressure on the cord shows the 
serology commonly encountered in tumors. New-formations 
in this region may be either extradural, intradural, or intra- 
medullary. If the tumor is large enough to produce com- 
plete occlusion of the spinal sac below, the cerebrospinal 
fluid will be very scanty and at times no fluid at all will be 
obtainable. 

Intradural and extramedullary tumors, as well as extra- 
dural new-formations, give rise to a paradoxic reaction 
in the cerebrospinal fluid; in 70 per cent, of eases analyzed 
by me a great excess of protein matter was obtainable. The 
reaction was so marked that a 1 : 5 and even greater dilu- 
tion gave excessive response. Regardless of the great protein 
excess, a pleocytosis was but rarely encountered, and never 
exceeded the border-line count. In one case of gumma of the 
dorsal cord the cerebrospinal fluid likewise gave a posi- 
tive Wassermann reaction. This patient showed 14 cells 
per c.mm. 

Of the 31 fluids analyzed, 8 showed a xanthochromia 
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gnnrtii, with abuDdant haa mliag rSr and cdls liut cod- 
Uined the same inMHcacting TObstince as was obtained 
by tbe poactore. 

In one caae of cncd tumor whh yeflcnr Suid tbe Uquid con- 
sealed in tbe test-tube and had the sf^iearaiice of a thiD 
pcBide which could be rmun-ed without d€5tro\-iQg its 
OontMir. Of the above 8 cases with ydlow fluid, 2 shon-ed no 
reduction of Fehliog's solution. The reaction of a protein 
exam witbout a pleocytosis is ver>' characteristic of cord 
Oompreawm. Tbe same sercrfo^c findings were, however, 
obtlUoed in other diseases. (See Combined Sclerosis, Dis- 
eiie of the Cauda Equina, Syringomyelia, Spondylitis 
Tuberculosa.) The two last-named conditions may be 
rejCarded a» productive of mechanical cord compression. 

The quention of treatment depends greatly upon the 
etiology of the new-growth; if the globulin excess is ac- 
comjmtiied by a pathologic cell count and a positive Wasser- 
Dutnii, ftH well as by a history of specific infection, the patient 
in to be given a course of antiluetic treatment. \\Tiere the 
diagiinnix of an extraraedullary growth is fairly certain 
and tlic Nubjoctive symptoms are very distressing, it ia 
perhaps ailvlHable to proceed surgically at once, and take 
lip the treatment with specifics later. 

It is a very dangerous procedure to attempt to remove 
tnmoDi situated in the upper cervical or lower medullary 
region. The resulting edema and congestion, and at tiroes 
poMt-operntive hemorrhage, are fatal. Nevertheless, I know 
nf at least three patients in wliom an operation was per- 
formed in this region; in one of these an intramedullar>' 
growth was removetl und the patient is -doing well after three 
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years. Average formula : S. : W. R. - ; C. S. F. : W. R. - ; 
Gi. ++or-; PL-; Feh. +or-. 

Disease of the Cauda Equina. — The cauda, being subject 
to the same diseases as the upper cord, will also show the 
same serology. In two instances in which the diagnosis of 
tumor was made and no growth was found at operation, the 
cerebrospinal fluid gave the reaction ot a protein excess. 
The examination of the cauda showed a mild form of neu- 
ritis of the roots. No cells were found in the fluid. Average 
formula: S.: W. R. -; C. S. P.: W. R. -; Gl. + or-; 
PI.-; Feh. +. 

Tumors of the Spinal Column. — Unless the contents of 
the vertebral canal are encroached upon, the serologic find- 
ings will be normal. Metastatic foci may produce sufficient 
irritation to produce the serology of a meningitis. It is 
sometimes possible to detect the nature of the malady by dis- 
covering atj-pical cells, which, together with other sug- 
gestive signs, should make one apprehensive of a metastatic 
process. The pressure of a growth of the bodies of the 
vertebree may or may not give an excess of protein. If this is 
present, however, it favors the diagnosis of such a metas- 
tasis. Average formula: S.: W. R. -; C. S. F.: W. R. -; 
Gl.-; PI.-; Feh. +. 

NERVE AFFECTIONS 

Multiple Neuritis. — Alcoholic. — In this form of neuritis 
the findings are at times so suggestive of locomotor ataxia 
that the term "pseudotabes alcoholica" seems to be justi- 
fiable in such cases. Even with extraordinary precautions it 
is sometimes very difficult to differentiate between this dis- 
ease and neuritis alcoholica multiplex. It is needless to 
state that the tj-pical cases are not included in this dis- 
cussion. 

In my laboratory it was not infrequently my task to de- 
cide for or against the existence of tabes, and sometimes even 
to take a stand against the diagnosis of the latter disease. 
I remember a case in which the history given by the patient 
was highly suggestive of lues, and the patient was. besides, 
decidedly alcoholic. The serology was entirely negative, and 
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a more complete analysis of the case proved the correct- 
ness of my contention. Such occurrences are not common, 
but they are, nevertheless, liable to arise in any well-equipped 
hospital. In this connection one must be particularly cau- 
tious not to consider a case presentation complete until a 
serologic report has been received, especially when the pa- 
tient, in addition to his polyneuritic symptoms, shows also a 
mental disorder, as is the case with the Korsakow symptom- 
complex. A negative serology in such a patient is strongly 
suggestive of a non-luetic disease. In the latter disease, 
however, one may occasionally encounter a border-line cell 
count, and with it also a shght excess of globulin; more 
often the serology is negative. 

The serology depends entirely upon the distribution of the 
pathologic process; it is by no means settled that the neuri- 
tides are affections confined to the peripheral ner\'es; it is not 
an unusual occurrence to find, with the pathology of the 
peripheral nerves, an ascending process in the ganglia, roots, 
and tracts which may be responsible for the abnormalities 
encountered in the cerebrospinal fluid. The importance of 
a positive Wassermann in this connection is self-evident, 
particularly if obtained on the spinal fiuid; if obtained on 
the serum, its value is questionable. 

I do not wish to convey the impression that the laboratory 
possesses a means of excluding tabes, even if the picture is 
not classic for this disease. It must be remembered that in 
tabes one may find a negative serology, as will be shown later, 
and to exclude this disease on the e^^dence of a serologic 
report is certainly not advisable, .\lthough the difficulties 
are man\', it is an extremely rare coincidence to find a patient 
who presents doubtful symptoms of locomotor ataxia, denies 
syphilis, admits alcoholism, and presents a negative serology 
without having been previously treated. In view of the 
facts presented above, it is, in my opinion, safe to exclude 
tabes, and search for other signs suggestive of some clinical 
entitv other than locomotor ataxia. Average formula: 
S.: W.R.-;C.S.F.: \V. R. -; Gl. -; PI. -; Feh. +. 

Lead Neuritis. — In this disease the serology is absolutely 
normal, at least so far as I was able to ascertain. The mor- 
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phologic study of the red blood-corpuscles is a very useful 
guide in confirming the history and the clinical findings. 
Average formula: S.: W. R. - ; C. S. F.: W. R. - ; Gl. - ; 
PL - Feh. +. 

Diphtheric Neuritis. — In two cases the cerebrospinal 
fluid showed no changes from the normal. The blood was 
negative to the Wassermann test; in one case the father 
of the patient had an infection. 

Several workers f oimd that the spinal fluid of some patients 
with a post-diphtheric neiuritis showed a border-line coimt and 
an excess of globulin, and that this would disappear as the 
neuritic process subsided. Average formula: S.: W. R. — ; 
C. S. F.: W. R. -; Gl. -; PL -; Feh. +. 

Diabetic Neuritis. — ^The spinal fluid occasionally shows 
an excess of glucose. Acetone may also be determined by 
the iodoform test. Some authors claim to have obtained 
diacetic and even oxybutyric acid reactions. In the terminal 
stages of the diabetic process it is possible to obtain all sub- 
stances resulting from an insufficient catabolism of carbo- 
hydrates. Average formula: S.: W. R. — ; C. S. F.: 
W.R.-; GL-; PL-Feh. +. 

Herpes Zoster. — ^The herpes occurring occasionally during 
salvarsan administration will not be considered here. The 
various forms of zoster having a posterior ganglionitis as 
their pathologic basis show an increase of cells in the spinal 
fluid. In those cases where a cell count of over 30 cells 
per c.mm. is obtainable the fluid may also give the reaction 
of a globulin excess. Fehling's solution is always reduced. 
The pleocytosis in this disease will frequently remain some 
time after the clinical signs have disappeared. Average 
formula: S.: W. R. - ; C. S. F.: W. R. - ; GL - ; PL + or 
-; Feh. +. 

MISCELLANEOUS AFFECTIONS 

Functional Nervous Disorders 

Hysteria. — Hysteric attacks occurring in a patient who 
has come in contact with syphilis will, of course, give a 
positive Wassermann reaction in the serum, depending upon 




112 SEROLOGY OF NERVOUS AND MENTAL DISEASES 

the length of time that has elapsed since the last antiluetic 
treatment. The cerebrospinal fluid is entirely normal, even 
in those who suffer from a coincident systemic lues. After 
a severe attack the pressure is frequently increased. Average 
formula: S.: W. R. - ; C. S. F.: W. R.-; GI.-; PI.-; 
Feb. +. 

Heurasthenia.^Some laboratorj- workers accept without 
question a positive Wassermann report on a cerebrospinal 
fluid that shows no other abnormalities. If the patient is 
suffering with a severe neurasthenia, he is unnecessarily 
doomed to years of treatment that, besides being unpleas- 
ant, may tend to aggravate his nervous condition. When, 
pending the report from the laboratory, the clinician has 
made a tentati\-e diagnosis of severe neurasthenia, and the 
report of a positive Wassermann reaction on the cerebro- 
spinal fluid is received, all doubt in the clinician's mind is 
dispelled and the patient is treated as is any other sufferer 
with neurologic sj^philis. This state of affairs is still more 
aggravated if the patient had the misfortune to contract 
s.vphilis in addition to developing neurasthenia. The ad- 
mission of an infection, together with the clinical signs and 
a positive Wassermann on the cerebrospinal fluid, although 
faulty, is sufficient to bias the diagnostic opinion of even the 
best physician. The possibility of an infection with syphilis 
in a true neurasthenic must be admitted; this, of course, 
could make his serum react in a positive manner to the 
Wassermann test, but it could never affect his cerebrospinal 
fluid so as to make it resemble the t.\'pical serology of a general 
paresis or cerebrospinal syphilis. It is well to emphaaze 
again the fact that the laboratory should make it a rule not 
to report too many positives, or, as was pointed out in a 
previous section on the Attitude of the Serologist, the error 
committed in reporting a sj'philitic as having a negative 
Wassermann in the serum is of much less consequence 
than to return a positive report on a patient who has never 
come in contact with lues. To report a positive Wassermann 
on a cerebrospinal fluid from a patient free from lues is in- 
excusable, more especially if the fluid shows no other ab- 
normalities, such as an excess of globulin and a pleocj'tosis. 
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Average formula: S.; W. R. - ; C. S. F.: W. R. - ; Gl. - ; 
Pl.-I Feh. +. 

Psychastheaia. — The spinal fluid and serum show no 
deviation from the normal. 

Psychooeuroses (Anxiety, Compulsion).— In one case of 
compulsion neurosis an increased pressure was observed. 
The serum reaction and the other cerebrospinal fluid reac- 
tions were normal. Sj-philitic patients will give a positive 
serum Wassermann. Average formula: S.: W, R. — ; 
C. S.F.: W. R.-; Gl.-; PI.-; Feii. +. 



I 



Spasmophilic States 

Tlie Epilepsies. — The field of idiopathic epilepsies is being 
gradually narrowed down to a smaU number of cases in 
which no changes in the central nervous system could be 
demonstrated postmortem. The development of our knowl- 
edge of internal secretory disorders makes it possible for us 
to treat some clinical manifestations that resemble to a 
marked degree the sjTnptoms of the genuine disease, without 
exhibiting morphologic changes in the brain. In these so- 
caUed idiopathic epilepsies one or the other of the glandular 
extracts, as the case may be, will influence the con\'ulsion3 
in a way that will ultimately establish a definite opotherapy 
for these conilitions, and the designation of "idiopathic" 
will sooner or later be discarded in these cases. I do not, 
therefore, speak of the disease in the singular number, but 
in the plural, being convinced that there are spasmophilic 
states that resemble verj' closely genuine epilepsy having 
pathologic changes in the brain, and that whereas treat- 
ment with organic extracts proved of great benefit in some 
of these cases, I believe they are caused primarily or in- 
directly by a disturbed equilibrium (oversecretion, under- 
secretion, or perverted secretion) in one or more of the 
glands having an internal secretion. 

Serologically, there is very little of great moment in con- 
nection with the epilepsies. Recent studies of this disease 
tend to lay great weight on the significance of the increased 
pressure of the cerebrospinal fluid. This increase of pressure, 
however, is to be obtained after any great muscular exertion, 
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and particularly after convulsioua. In genuine epilepsy one 
rarely finds an abnormal cerebrospiual fluid, although the 
presence of albumin, a globulin excess, and a border-line 
count were reported. In my experience, 4 out of 38 sera from 
epileptics gave a positive serum Wassermann reaction. The 
Wassennann reaction on the cerebrospinal fluid was nega- 
tive in every instance, the original Wassermann method 
being used. In one case with a positive Wassermann reac- 
tion in the serum the cerebrospinal fluid also showed 23 
lymphocytes per c.mm. The etiologic factor in this instance 
was most likely syphilis. In another case with a positive 
Wassermann the sjTuptoms disappeared entirely after anti- 
luctic treatment; the positive Wassermann, however, re^ 
mained unchanged. The reaction was performed three 
times with the same result. In one instance the positive 
Wassermann was most likely an error. That sj'philis plays 
an important rflle in some epileptics must be conceded, one 
of the cases just described being most likely an instance of 
epilepsy on a syphilitic basis. Average formula: S,: W, 
R.-; C. S. F.: W. R. - ; Gl.-; PI,- Feh. +. 

Chorea. — The various choreas of childhood or of adult life 
present little of interest serologically. Average formula: 
S.: W. R.-; C. S. P.: W. R, - ; Gl, - ; PI.-; Feh. -H- 

Paralysis Agitans.^Some authors have found an excess 
of protein in the spinal fluid. In a number of tj-pical cases 
of Parkinson's disease no abnormalities could be detected. 
The calcium metabolism of one patient showed no deviation 
from the normal, and the spinal fluid was normal in every 
respect. In one patient a positive Wassermann on the 
serum was obtained on two occasions. In another patient 
the mineral chemistry of the cerebrospinal fluid showed 
no deviation from the normal control. In all, 14 fluids from 
such cases were analyzed by me. Average formula: S.: 
W. R. - ; C. S. P.; W. H, - ; Gl. - ; PI. - ; Feh. +. 

Paramyoclonus Multipler.^In one instance of this very 
interesting disease analyzed at the Neurological Institute 
the findings were in every way negative. It is not amiss here 
to mention a case observed in the Montefiore Home, that 
developed after surgical interference with the thyroid gland. 
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It is probable that in this case the parathyroids were affected 
by the procedure. Feeding with raw thyroid gave no relief. 
So far as I know no serologic work has been done on the 
disease. 

Vasotrophic Disorders 

Symmetric Gangrene (Raynaud's Disease). — In 2 out of 
6 cases a positive Wassermann was repeatedly obtmned on 
the serum. Although both patients denied having knowl- 
edge of the infection, both promptly improved after mercu- 
rial treatment. These patients showed an absolutely normal 
cerebrospinal fluid. The other patients were likewise In everj' 
way normal serologically. Of the latter group, two received 
very small doses of thyroid extract, with markedly' bene- 
ficial results. Although this work is not a treatise on thera- 
peutics, I would, nevertheless, in view of the gratifjing 
results obtained, mention this fact here, with the hope that 
other suitable cases of this disease will be studied and treated 
in a similar manner. In one patient especially the results 
were particularly' interesting; this patient was about to have 
his leg amputated (the other ha\Tng been amputated before), 
but at the last moment he refused surgical interference. 
This patient was one of the two mentioned above as ha^'- 
ing improved so much that he walked out of the hospital, 
using the leg that was to have been removed with great ease. 
Average formula: S.: W. R. -f-or-; C. S. F.: W. R. - ; 
Gl.-; PI.-; Feb. +. 

ScIeroderma.^I had the opportunity to analyze 7 cases of 
this clinical condition. Four were being treate<l by the late 
Dr. Sigmund Lustgarten. It is a ver>' interesting fact that 
every serum analj'zed gave a positive Wassermann reaction. 
Three patients had their serum analzyed more than once, 
with the same result. In every instance the patient denied 
knowledge of the infection, nor could other luetic manifes- 
tations be detected in any of them. Although antiluetic 
remedies were tried in 4 cases, not the least change for the 
better followed. The Wassermann reaction was also studied 
after the mercuiialization, without any abatement of the 
former intensity. The cerebrospinal fluid studied in two 
cases gave no deviation from the normal. I believe, from 
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the foregoing studies, that we are dealing with a clinical 
condition that is capable of giving a positive Wassermann 
reaction without being in any way related to sj-philis. In 
one patient in whom a tentative diagnosis of scleroderma was 
made and was later changed to one of arteriosclerosis, the 
Wassermann reaction was negative. Average formula: 
S.: W.R. +; C.S.F.: W. R.-; Gl.-; PI.-; Feh. +. 

Erythromelalgia. — In two instances the serology showed 
no deviation from the normal. In a third the condition was 
an accompaniment of tabes; this will be discussed further on 
under the consideration of Luetic Diseases. Average formula: 
S.: W.R.-; C. S. F.: W.R.-: Gi.-; PI.-; Feh. +. 

Acroparesthesia. — This, as well as the condition just con- 
sidered (erythromelalgia), cannot, properly speaking, be 
regarded as a particular disease having a definite patholopc 
basis. The serology in two instances analyzed by me was 
normal. 



Disorders of Internal Secretion 
Myxedema.— In two cases the serum was negative to the 
Wassermann test. The spinal fluid was not analyzed. Halli- 
burton had the opportunity of studjdng a fluid from a case 
of myxedema, and states that he could not find mucin. 
Whether the substance present in the subcutaneous tissues 
of the myxedemic is true mucin is a point that has not been 
settled. 

Exophthalmic Goiter. — In one instance giving a historj' of 
lues a positive Wassermann was obtained in the serum. In 
5 others without any luetic manifestations and a negative 
history the Wassermann In the serum was also negative. The 
spinal fluid was not studied, as it was considered unsafe to 
perform a lumbar puncture in these patients. 

Acromegaly. — In acromegaly, as well as in gigantism, the 
serology as obtained by me was normal. In one instance of 
dystrophia adiposo-genitalis (Frohlich) with sjphihtic in- 
volvement of the pituitary gland I had the opportunity to 
study the serology' before and after treatment. The positive 
Wassermann gradually disappeared in the serum, and the 
spinal fluid remained the same as before treatment, i. e., 
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normal. The hemianopslft, as well as the adiposity and 
the third nerve involvement, improved markedly. 

According to Gushing, the hypopituitary individual 
shows an increased tolerance for levulose. In the Neuro- 
logical Institute it is customary to administer to patients 
suspected of having this condition 1.3 gm. of levulose for 
every pound of weight of the individual. The urine is col- 
lected in separate marked containers, and the time of the 
appearance nf the carbohydrate is observed. In a patient 
with a normal tolerance a distinct reduction of Fehling's 
.solution should be obtained after the ingestion of this quan- 
tity of levulose. When the posterior lobe of the pituitary is 
involved in a pathologic process (posterior pituitary insuffi- 
ciency) , much larger quantities can be metabolized than those 
mentioned — 1.3 gm. for every pound body-weight of the 
patient. 

Mestrezat observed a case that showed the clinical picture 
of acromegaly in a patient with an ovarian cyst. The fluid 
gave a strong reaction with Fehling's solution and the pres- 
sure was increased. Average formula: S.: W. R. — ; 
C.S.F.: W.R.-; Gl.-; PI.-; Feh. +. 

Addison's Disease. — The cerebrospinal fluid and the 
serum are normal. Bousquet and Derrien found acetone in 
the cerebrospinal flui<l of a patient with this disease. The 
urine also showed a marked excess of acetone. The condi- 
tion was fatal. 

Myasthenia Gravis. — As some observers believe that the 
malady is the result of impaired thymic function, it may prop- 
erly be considered here. In two patients the serology was 
entu^ly normal. In one of these metabolic studies revealed 
nothing unusual. .Average formula: S.: W.R.— ; C.S.F.: 
W. R.-; Gl.-; Pl.-i Feh. 4-- 

THE PSYCHOSES 
Constitutional Inferiority. — Since the perfectly normal 
man is very rare indeed, and as a standard of perfection 
has not as yet been established, a large number of human 
beings might be included in the class of inferiors. Kraepelin 
makes a distinct division between the insanities proper and 



116 SEROLOGY OF NEHVOUS AND MENTAL DISEASES 

the foregoing stutiies, that we are dealing with a clinical 
condition that is capable of giving a positive Wassermann 
reaction without being in any way related to sj^jhilis. In 
one patient in whom a tentative diagnosis of scleroderma was 
made and was later changed to one of arteriosclerosis, the 
Wassermann reaction was negative. Average formula; 
S.: W. R. +; C. S. F.: W. R.-; Gl. - ; PI.-; Feh. +. 

Erytbromelalgia. — In two instances the serology showed 
no deviation from the normal. In a third the condition was 
an accompaniment of tabes; this will be discussed further on 
under the consideration of Luetic Diseases. Average formula : 
S.: W. R. -; C.S.F.: W. R. - ; Gl.-; PI.-; Feh. +. 

Acroparesthesia. — This, as well as the condition just con- 
sidered (erytbromelalgia), cannot, properlj' speaking, be 
regarded as a particular disease having a definite pathologic 
basis. The serology in two instances analyzed by me was 
normal. 

Disorders of Internal Secretion 
Myxedema.— In two cases the serum was negative to the 
Wassermann test. The spinal fluid was not analyzed. Halli- 
burton had the opportunity of stiidj-ing a fluid from a case 
of myxedema, and states that he could not find mucin. 
Whether the substance present in the subcutaneous tissues 
of the myxedemic is true mucin is a point that has not been 
settled. 

Exophthalmic Goiter. — In one instance giving a history of 
lues a positive Wassermann was obtained in the serum. In 
5 others without any luetic manifestations and a negative 
history the Wassermann in the serum was also negative. The 
spinal fluid was not studied, as it was considered unsafe to 
perform a lumbar puncture in these patients. 

Acromegaly. — In acromegaly, as well as in gigantism, the 
serology as obtained by me was normal. In one instance of 
dystrophia adiposo-genitahs {Friihlich) with ajTihihtic in- 
volvement of the pituitary gland I had the opportunity to 
study the serology before and after treatment. The positive 
Wassermann gradually disappeared in the serum, and the 
spinal fluid remained the same as before treatment, i, e.. 



THE PSYCHOSEa 117 

normal. The hemianopsia, as well as the adiposity and 
the third nerve involvement, improved markedly. 

According to Gushing, the hypopituitary individual 
ahows an increased tolerance for levulose. In the Neuro- 
logical Institute it is customary to administer to patients 
suspected of having this condition 1.3 gm. of levulose for 
every pound of weight of the individual. The urine is col- 
lected in separate marked containers, and the time of the 
appearance of the carbohydrate is obser\'ed. In a patient 
with a normal tolerance a distinct reduction of Fehling's 
solution should be obtained after the ingestion of this quan- 
tity of levulose. When the posterior lobe of the pituitary- is 
involved in a pathologic process (posterior pituitary insuffi- 
ciency), much larger quantities can be metabolized than those 
mentioned — 1.3 gm. for every pound body -weight of the 
patient. 

Mestrezat observed a case that showed the clinical picture 
of acromegaly in a patient with an ovarian cyst. The fluid 
gave a strong reaction with Fehling's solution and the pres- 
sure was increased. Average formula: S.: W. R. — ; 
C.S.F.: W.R.-; Gi.-; PI.-; Feh. +. 

Addison's Disease. — The cerebrospinal 6uid and the 
serum are normal. Bousquet and Derrien found acetone in 
the cerebrospinal flui<i of a patient with this disease. The 
urine also showed a marked excess of acetone. The condi- 
tion was fatal. 

Myasthenia Gravis.— As some observers believe that the 
malady is the result of impaired thj-mic function, it may prop- 
erly be considered here. In two patients the serology was 
entirely normal. In one of these metabolic studies revealed 
nothing unusual. Average formula: S.: W.R.— ; C.S.F.: 
W. R.-; Gl.-; n.-; Feh. +. 

THE PSYCHOSES 

Constitutional Inferiority. — Since the perfectly norma! 

man is very rare indeed, and as a standard of perfection 

has not as yet been established, a large number of human 
beings might be included in the class of inferiors. Kraepelin 
makes a distinct di\'i3ion between the insanities proper and 
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the types of disorder classified under the head ot constitu- 
tioDally inferiors. 

In a paper entitled "A Consideration of Constitutional 
Inferiority" by H. W, Wright the subject is presented in a 
concise and comprehensive manner. The classification as 
offered by him, and quoted here with the author's permission, 
is as follows: 

1. The Psychogenic Neuroses — (n) Hysteric psychti- 
ses; (6) apprehensive neuroses; (c) expectation 



2. Original Traits— (a) Neurasthenia; (6) constitu- 

tional pessimism; (c) constitutional irritability'; 
(d) compulsive insanity; (c) erjlhromania ; {/) 
impulsiveness; (g) sexual anomalies. 

3. Psychogenic Personality— (a) Congenital criminal- 

ity or moral insanity; (b) insanity of the emotions; 
(c) dipsomania; (rf) habitual criminality; (e) 
morbid lying, morbid faking; (/) quemlousness, 
habitual doubting. 

4. Arrested Mental Development — (n) Idiocy; (6) 

imbecility. 

In this broad grouping may be placed the back^vard school- 
child, whose condition has attracted a great deal of atten- 
tion, particularly from the standpoint of thcrap>'. Among 
spedmens of inferiority may be included the habitual truant, 
the vagrant, the hobo, the tramp, the "Jack-of-all-trades," 
as well as tlie street tough and his gang. 

The importance of the foregoing r^sum^ of the classifica- 
tion of constitutional 1,\' inferior individuals becomes appar- 
ent when one takes into consideration the possibility of the 
development of a true deteriorating psychosis on the basb 
of the psychopathic constitution. This subject was covered 
in a masterful waj' by Dr. S. E. Jelliffe in iiis consideration of 
"PredementJa Priecox" states. 

The manifestation of these abnormalities depends upon 
two factors: first, defects of heredity; second, environ- 
ment. In this exposition of the subject the hereditary 
factor will receive closer attention, as the serologj" of these 
defectives is frequentl>- altered by hereditarj' antecedents. 
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The entire question resolves itself into the possible syphilitic 
factor which may have been responsible for the inferiority, 
and recently, also, attention has been directed to the in- 
fluence internal secretory abnormalities maj' exert on certain 
predisposed individuals. The significant observation of 
Alzheimer, that juvenile paresis not infrequently develops in 
the course of inferiority on a constitutional basis, shows that 
syphilis in these cases must be the causative factor not only 
of the paresis, but perhaps also of the preceding psychosis. 
At least serologic investigations point very significantly 
in that direction. In 12 per cent, of my cases a positive serum 
Wasserraann was obtained. The cerebrospinal fluid was 
analyzed in 8 instances, and, with the exception of one case, 
were all negative. The single exception gave 21 cells per 
cubic millimeter, a normal globulin content, and a negative 
Wassermann reaction. The value of the negative serum 
Wasserraann in this instance is only of secondary importance. 
The history of the parents is much more significant, regard- 
less of the negative result. Fournier speaks of another class 
that may properly be included in this consideration; these 
children he terms as "les enfants arriferes"; in them slowly 
developing mental and physical defects manifest themselves 
in the developmental period. In these children dentition 
is delayed, they begin to talk late, are poor scholars, have a 
small vocabulary, and possess a poor memory. As they grow 
up they are far behind their companions, "toujours eTi 
retard," and although displaying here and there useful 
capabilities, they are lacking in originality, progressiveness, 
and brilliancy. They are not necessarily idiots or imbe- 
ciles — their somatic and psychic make-up does not permit 
of such a designation. Syphilis cannot infrequently l>e held 
responsible for the defect, and at times can be demonstrated 
physically (teeth, nose, glands). 

That internal secretory disturbances produce psychic 
manifestations which most likely belong to the same group 
of cases as those classified under the head of Constitutional 
Inferiorities is becoming more evident, since completer 
studies of these secretory disturbances can be found in the 
literature. In Cushing's book on the pituitary gland one 
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meets with distiDct tjpes of mental inferiority where this 
gland is affected. I saw two cases of such deterioration in 
juvenile acromegalics. I also noted a h,vpothyreoid complex 
in two brothers, aged eight and ten years respectively, who 
were backward in school and showed a spastic gait and a 
low blood-pressure. ThjToid medication removed these 
stigmata of inferiority in a very short time. 

The serology of this entire group can be summed up' under 
two headings : First, those who give a positive serum Wasser- 
mann, whose parents deny an infection, and who give a 
negative Wassermann in their serum. Second, those whose 
parents admit an infection and whose serum is negative. 
The spinal fluid is but rarely involved, but an analysis of 
this fluid should never be omitted when practicable. 

As regards the treatment, one should take into considera- 
tion the fact that it is possible for paresis to develop in those 
cases in which sj^philis can be held responsible for the occur- 
rence of the disease. Where the Wassermann proves posi- 
tive, treatment should be instituted to remove the cause as 
soon as possible, and repeated analyses be made to detect 
any sjTnptoms of a recurrence. 

Idiocy and Imbecility. — That some cases of feebleminded- 
ness occurring in j'ounger years depend upon a hereditary 
sj'philis must be admitted, attliough most children who 
are effected by an extensive luetic cerebral process pre- 
natally, as a rule, succumb to the marasmiEs produced by the 
infection. Only where the luetic process is so mild as to spare 
the life of the child do we in later years find the landmarks 
of mental enfeeblement known as idiocy or imbecihty. It 
is not essential for the hereditary signs of lues to manifest 
themselves in the form of somatic symptoms; the display 
can be and often is, purely psychic. Where one is able to 
demonstrate pupillary abnormalities, the somatic factor 
alone is sufficient evidence of the cause of the trouble. 
Serologic investigation, however, should take in the sys- 
tematic study of serum and, where feasible, also of the spinal 
fluid of the patient and parents. Plant went even so far as 
to examine the brothers and sisters of the patient, and re- 
ported very important findings. 
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That such analyses will in the future give the therapeutist 
much concern is not to be tienied, for the problem in a child 
with an idiotic mentality with a history of lues in the parents 
and a positive Wassermann in the serum of the patient will 
possibly require the treatment of the entire family, including 
the patient. Only in such a manner can prophyla^s be 
established, and the further mental deterioration of the im- 
becile child checked. A few very interesting case reports 
are to be found in the above-mentioned book of Plaut (see 
Literature). The material analyzed at the Neurological 
Institute disclosed the relationship of the syphilitic factor 
in the parents and child in very few instances. Very pro- 
nounced defectives were studied, as well as those who gave 
only slight symptoms. In the former a positive Wassermann 
could be obtained in the serum, but not in the cerebrospinal 
fluid. Where the fluid was also positi^"e to the Wassermann 
test and showed a mild pleocytosis, the disease was considered 
as juvenile paresis and will be given in a separate paragraph. 

There is no denying the fact that in the future serologic 
methods will shed a light not only on the etiology, but also 
serve as a guide to the best form of treatment. Systematic 
serologic analyses on inmates of institutions for mental de- 
fectives will, in the course of time, give sufficiently encour- 
aging results to justify not only the establishment of sero- 
logic stations as a part of equipment of such institutions, but 
every child, before being admitted to these institutions, will 
be required to present a certificate from a competent serol- 
ogist as to the existence or non-existence of a positive Was- 
sermann reaction, and perhaps a study of the cerebrospinal 
fluid. 

ORGANIC PSYCHOSES 

Senile and Presenile Dementia.— -As a terminal stage, 
and as an accompaniment of a more or less generalized 
arteriosclerosis, and never associated with syphilis, dementia 
of the aged is a disease possessing a negative serology. 
Although this condition may be included under the next 
subheading, it seems to me to deserve a place for itself. This 
is particularly true of cases of presenile dementia, since the 
studies of Alzheimer made it a clear clinical and pathologic 
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entity. Average formula for both: S.; W. R.— ; C. S. F.: 
W. R.-; Gl. -; Feh. normal. 

Psychoses Accompanying Organic Brain Diseases (Non- 
luetic).— This varied group of psychoses, so far as the 
serology is concerned, depends upon the factor producing the 
mental abnormality. We are, therefore, confronted with the 
findings that are obtainable in brain tumors, in brain ab- 
scesses, in cerebral hemorrhages, and in extensive cerebral 
arteriosclerosis. Besides these pathologic factors we must 
also consider the psychosis that is at times observed in 
multiple sclerosis. In the order mentioned, we occasionally 
find, in the serology of brain tumors, a pleocytosis; this, of 
course, depends upon the location of the tumor, which, in 
order to furnisli a pleocj'tosis, must be close enough to the 
meninges in order to produce the necessary irritation. Next 
to be considered are the various abscesses, which may or may 
not give a pleocytosis, all depending upon location, extent, 
and integrity of the abscess-wall. 

The simple arteriosclerotic forms give an absolutely 
negative serology. The psychosis that is at times an ac- 
companiment of multiple sclerosis gives a negative serology. 
The globulin is, as a rule, within the normal, and Fehling's 
reduction is always prompt. In hemorrhage of the brain one 
is occasionally able to demonstrate altered blood constitu- 
ents, and sometimes even the unaltered cells themselves. 

The Wassermann reaction, where a visceral syphilis is 
present, will sometimes be found to be positive in the 
serum. In the cerebrospinal fluid the Wassermann is 
always negative, except for those peculiar findings in which 
large quantities of fluid were used and resulted in positive 
Wassermann reactions in some cases of undoubted multiple 
sclerosis. This could never occur where proper technic and 
the standard Wassermann were employed. 

FUNCTIONAL PSYCHOSES 
Manic Depressive Insanity. — Whether during the manic 
stage or during the depressed period, one rarely finds ab- 
normalities in the cerebrospinal fluid. Sj-philis of the other 
organs may be an accompanying feature and give a positive 
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Wassermann in the serum; the fluid, however, is always 
normal. If obtained after an acute maniacal attack, the pres- 
sure may be increased; the chemical and biologic findings, 
will, however, be normal. Certain mental phases of this 
disease may resemble certain psychic distiu-bances obtained 
at times in general paresis; this coincidence is discussed in 
the section on General Paresis, where the required informa- 
tion as to the serologic differentiation can be found. 

Dementia Prsecox. — ^The various forms of this disease 
(hebephrenic, catatonic, paranoiac) present, as a rule, a 
negative serology. Syphilis may enter as a complicating 
factor in some instances, and give a positive Wassermann 
reaction in the serum. This disease may also, in one of 
its manifestations, give rise to an uncertainty in the final 
differentiation between it and general paresis; a discussion 
of this will be found under the head of the latter disease. 

I have collected the records of a number of cases of de- 
mentia prsecox who were infected with syphilis, and hence 
gave a positive Wassermann reaction in the serum. The 
question of general paresis did not enter into the considera- 
tion of the diagnosis, as the clinical pictiu*e in these instances 
did not present diagnostic difficulties. Average formula: 
S.: W.R.~; C.S.F.: W.R.— ; Gl. -; PL -; Feh. normal. 

Amdety Depression. — Here the serology is usually nega- 
tive, except in the presence of lues of the viscera. 

Paranoid States. — ^Very little is known of the serologic 

status of this disease. A few cases of this condition were 

analyzed and showed a negative serology in the serum and 

fluid. 

TOXIC PSYCMOSES 

Acute Alcoholism. — ^This mental derangement occurs as 
the result of an acute exacerbation of a more or less chronic 
condition. Besides this, it is possible for an acute alcoholic 
hallucinosis to develop in cases without a background of 
chronic alcoholism, occurring in an individual whose toler- 
ance for alcohol is below the average, and one who has not 
been addicted to the prolonged use of alcoholic beverages. 
Occurring as a pure, uncomplicated toxic psychosis, the 
serology is correspondingly negative. With the aid of the 
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iodoform test Schottmulier and Schumm demonstrated, in 
acute alcoholism, appreciable quantities of aldehyd. This 
fact reflects greatly the degree of injury to the meninges 
caused by the overuse of alcohol. 

Chronic Alcoholism. — The serology of this condition is 
negative. 

The Korsakoff Sjnulrome. — This mental derangement is 
not necessarily due to alcoholic abuse alone; it may develop 
as the result of any intoxication, and maj' or may not be ac- 
companied by polyneuritic manifestations. The term is not 
to be applied exclusively to those forms of toxic psychoses 
that are associated with ner\'e involvement, but is also ap- 
plicable to a pure psychosis without such accompaniment. 
As it is at times difficult, in certain cases of this psychosis, to 
differentiate between this and general paresis, the im- 
portance of serologic aid will become apparent, as this alone 
can definitely decide the question. The differentiation will 
be described in the section on General Paresis. The real 
diflBculty arises when a coincident visceral sj-pbills com- 
plicates the toxic psychosis. Here very careful weighing 
of the individual clinical and laboratory data are necessary 
in order to avoid error in the diagnostic interpretation of the 
complex. In such cases the serum, if positive, will have to 
be judged not only by the fact that it is positive, but the 
degree of inhibition and other characteristics of a positive 
serum reaction will have to be considered before the possi- 
bility of general pareis is excluded. This difficulty is only 
partially removed by a contemporaneous study of the cerebro- 
spinal fluid. The finding of negati\ e fluids in general paresis 
is by no means an impossibility, although their occurrence 
is rare. Average formula: S.: W. R.- ; C. S. F.: W. R.- ; 
Gl.-; PI.-; Feh. normal. 

Lead Psychosis. — This psychosis maj' present acute and 
chronic manifestations. The diagnosis is not furthered by a 
serologic investigation, as the cerebrospinal fluid in 2 cases 
of the chronic form showed no deviation from the normal 
findings. The presence of lead could not be demonstrated 
by Bernard and Troisier in a case of chronic plumbism. 
The diagnosis can be facilitated considerably by a moi^ 
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phologic study of the red blood-corpuscies, which in such 
cases will frequently show the characteristic basophilic 
granulations. 

Coal-tar Psychosis (After Prolonged Use). — After the 
use of large doses of antipjTin and acetanilid a patient 
developed an acute mania which gave place to a coma that 
lasted for ten days. After ellminative treatment the condi- 
tion disappeared completely. The serology of the serum 
and fluid was entirely negative. 

Morphin Psychosis (After Prolonged Use).— ^The serology 
is entirely negative. 

Infective exhaustive psychoses occurring in the course of— 

Tuberculosis. — For the occurrence of a psychic derange- 
ment in the course of tulierculosis (pulmonary, miliary, etc.), 
it is not absolutely essential for the tubercle bacillus to 
involve the meninges. Hence the finding of the bacillus in 
the cerebrospinal fluid is to be included among the excep- 
tions, rather than among the expected findings. When 
these bacilli are demonstrated in the fluid during the course 
of a pulmonary tuberculosis, the aspect of the clinical condi- 
tion becomes altered at once, and the gravity of the situation 
is eorresiHwidingly increased. Such a psychic derangement 
requires considerable diagnostic acumen in order to be able 
to differentiate between that which is exhaustive and that 
which is caused by the meningeal in^'olvement by the 
tubercle bacillus. It is, perhaps, better judgment to con- 
sider the psychic disturbance In such a coincidence as a 
product of the activities of both factors — infective and 
exhaustive. With the exception of cases with meningeal 
involvement, the serology is negative. 

Typhoid.— On several occasions the bacillus of Eberth 
was demonstrated in the fluid from patients with this affec- 
tion. The psychosis that at times accompanies this disease 
may make manifest the presence of the bacterium in the 
fluid without increasing the dangers. Patients who gave 
positive morphologic and cultural evidence as to the pres- 
ence of this bacillus in the cerebrospinal fluid showed in 
most instances no appreciable pleoc>-to3is, nor were other 
cardioal signs of a meningitis found. It is more likely that 
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the phenomena responsible for the psychosis, when present, 
are purely chemical; in other words, the absoq>tion of tox- 
ins is responsible for the patient's deranged mentality. 
These toxic substances, again, are not necessarily entirely 
the by-product of the life of the bacillus; it is highly prob- 
able that the increased metabolism of the febrile state is in 
itself capable of giving rise to a deranged mental acti\'ity 
as a result of the absorption of body toxins. 

Postpartum Infections. — These infections are very prone 
to give rise to nieniugeal irritations, and, when present, 
will give the serologj' of a meningitis. On the other hand, 
chronic postpartum infections, those that, as a rule, do not 
prove fatal in a week or two, may give rise to a psychosis 
that, from an etiologic point of \iew, is purely exhaustive, 
and directly dependent upon the original infection of the 
birth-canal. So far as I was able to ascertain the serology of 
these latter cases is entirely negative. 

Traumatic Psychosis. — The proper interpretation of 
this clinical condition gives rise at times to considerable 
trouble. The correct diagnosis can still further be deferred 
by the coexistence of syphilis with a psychosis caused by 
physical trauma. In such a case the positive serum Was- 
sermann with a few cells in the cerebrospinal fluid (border- 
line count) is frequently sufficient to mislead the most 
skilled observer. 

I had the opportunity to analyze such patients serologically, 
some presenting diagnostic difficulties that could not be 
overcome until a prolonged observation cleared up the doubt. 
Three patients presented the following findings: 

A commercial man of forty-two, married ; wife had two mis- 
carriages; no living children. Patient sustained an Injury to 
the head as the result of a fall. Upon examination pre- 
sented lively knee reflexes; left pupil irregular; reactions 
normal; slight speech disturbance; poor memorj' as to the 
circumstances attending his accident, and general restless- 
ness. Admitted lues. The Wassermann in the serum was 
positive; the cerebrospinal fluid showed a border-line count 
(12 lymphocytes j>er c.mm.) and a few degenerated red 
blood-corpuscles. Globulin, Fehling, and Wassermann nor- 
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mal. For the Wassermann in the cerebrospinal fluid 1 c.c. 
was used in order to exclude the chances of a faulty negative 
Wassermann; in other words, opportunity was offered for 
the fluid to react positively. The fact that the result was 
negative with 1 c.c. of fluid put the clinicians on their guard. 
and the final conclusion arrived at later was a diagnosis of 
traumatic psychosis and not of general paresis. 

In another patient who was thrown from a carriage the 
following history was olitained: Patient, thirty-six years 
old, a coal-broker; married; no children; wife had no mis- 
carriages. At nineteen the patient had been treated for 
some genito-urinarj- trouble for two years; was given drops 
and inunctions. Never had an ulcer on the glans. Remem- 
bers having a urethral discharge. After the injury patient 
was comatose for tour days. Had bleeding under the con- 
junctivffi and from the ears and nose. A few months after a 
more or less complete recovery the patient became absent 
minded, his attitude toward his family changed, and he be- 
came neglectful of his business duties and showed a slight 
amnesia. The serology in his case was as follows: 

Serum Wassermann negative; cerebrospinal fluid Was- 
sermann negative; globulin normal; cells, a few Ijinpho- 
eytes and a moderate number of red blood -corpuscles. 
It was believed for a time that, in view of the history of two 
years' treatment and the peculiar change in the entire atti- 
tude of the patient, the diagnosis of general paresis would 
be a plausible one. The negative serology and the subse- 
quent course of the disease showed the true nature of the 
malady. 

In a third patient the following history was obtained: 
A broker, aged thirty-two, separated from his wife. Patient 
was perfectly well until October, 1910. Following an ac- 
cident he became diz7.y, had a con^'lllsion, and soon passed 
into a delirious state, for which he showed an isolated am- 
When admitted to the hospital {Ward's Island) he 
was quite elated, had no delusions and hallucinations, was 
inclined to be talkative, but coherent, and his answers were 
always to the point. His orientation was good and he 
showed no defect of memorj'. He was somewhat expansive. 
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but there was considerable basis for his ideas, and it was 
difficult to demonstrate absurdity or fiction. 

During his stay in the hospital the patient was quiet and 
well behaved, but still maintained his former expansive 
ideas, which were probably exaggerated, but not entirely 
absurd. He was at all times amnesic for the acute period of 
his illness. At one time it was thought that the patient 
suffered from general paresis because of the historj' of syph- 
ilis, coarse tremor of the tongue, and on a previous occasion 
the limited range of his pupillary reaction; before his dis- 
charge his physical status revealed no neurologic abnormali- 
ties, and, moreover, fluid withdrawn by lumbar puncture 
proved negative. 

His serology was as follows: Wassermann reaction in 
serum and cerebrospinal fluid negative; globulin normal; 
cells, one lymphocyte per c.mm. Fehling's reduction prompt. 

The serology in traumatic psychosis, as can be seen from 
the foregoing exposition, is in itself not always conclusive; 
it is, therefore, necessary, in some instances, to wait until 
further clinical signs develop before a final conclusion is per- 
missible. Although the findings are, as a rule, negative, it is 
frequently possible, in recent and in old traumatic cranial 
conditions, to demonstrate an increase in the cerebrospinal 
pressure, with an increased amount of spinal fluid. Although 
fairly constantly present, it, nevertheless, cannot be con- 
sidered as pathognomonic of the above-described condition. 
Average formula: S.: W. R.- ; C.S. F.: W.R.-;GI.-; 
PI. - ; Feb. +. 

INTOXICATIONS 

Metabolic. — As a result of changes in the metabolic 
processes in the body, certain organic substances may ap- 
pear in the cerebrospinal fluid due to faulty metabolization. 
We have, therefore, an accumulation of carbamid in uremia; 
of glucose, acetone, and diacetic acid in diabetic intoxica- 
tion; of lactic acid in eclamptic seizures, and of bile-products 
in icteric states. 

Uremic. — According to Mestrezat (see Literature), there 
are two different responses to be observed in the cerebro- 
spinal fluid, which depend upon the renal involvement in 
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queatioQ. In case of mineral impermeability (to chlorida), 
an accumulation of chiorids in the body causes, besides the 
classic anasarcas, an appreciable increase in the chlorid 
content in the cerebrospinal fluid, without a corresponding 
increase in the urea content. The cases that present a renal 
impermeability to nitrogen, with an accumulation of nitrogen 
products of an excretory nature in the body, are the forms 
of renal insufficiency that give rise to uremic states. The 
physiologic limit of the urea content in the cerebrospinal 
fluid is 1 gm. or less per 100 c.c, hence the urea content of 
patients who are on the verge of or are undergoing a uremic 
attack may show 2 or more grams. The cases cited by this 
author are as follows: 

Delirium in an arteriosclerotic patient, urea in 

cerebrospinal fluid 1.22 per cent. 

Coma, alcoholic Bright's 1.50 " 

Delirium, epileptic HeiEures in old hemiplegic, , 2.31 " 
Coma in an arteriosclerotic 2.57 " 

In 25 autopsies without involvement of the sensorium, 
with and without renal symptoms, the highest amount 
found was 0,95 gm. of urea per 100 c.c. of fluid. Widal 
and Froin were able to demonstrate as much as 4.5 per cent, 
of urea in the fluid of a patient with nephritis and in a uremic 
attack. Rlestrezat is of the opinion that a cerebrospinal 
fluid with a urea content of 3 per cent, or more, associated 
with a uremic state, is of the gravest prognosis, ending, as a 
rule, in death. The remaining serology is generally negative, 
with the exception of those cases complicated by syphilis. 

Diabetic.^In two cases of diabetic coma I was able to 
demonstrate acetone in sufficient quantity to give the iodo- 
form reaction. After rallying slightly both patients died. 
The quantity of glucose in the spinal fluid is correspond- 
ingly increased, and may show as much as 18 gm. of this 
substance per liter of spinal fluid. The increase of this 
substance in the spinal fluid may be caused either by the 
hyperglycemia and increased permeability of the choroid 
plexus, or by a disturbance of the glycoregulatory apparatus. 
Diacetic acid is obtained rarely, and when found, signifies 
a profound intoxication. 
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Eclamptic.^In this condition the findings in the cerebro- 
spinal fluid reflect greatly upon the r6le played by the 
renal integrity. The increase in chlorids found in the 
eclamptic states is similar to some forms of spinal fluid find- 
ings associated with anasarca. Besides this, various authors 
claim to have found appreciable quantities of lactic acid. 
For the detection of this substance Reichmann suggests 
the following method: 10 c.c. of the spinal fluid are treated 
with 5 parts of 95 per cent, alcohol. This is permitted to 
extract for twelve hours, and is then filtered and the residue 
washed with hot water repeatedly. The alcohol extract 
is collected in ioto with a little hot absolute alcohol; this is 
filtered, the filtrate is condensed on a warm water-bath to 
dryness, and the residue treated with 3 drops of ^ normal 
H^Oi; to this is added about 10 c.c. of ether and the mix- 
ture vigorous!;' shaken. To a very dilute solution of FeiCl» 
(one drop of the iron chlorid solution to 20 c.c. of water) 
in two test-tubes (one as a control) add the ether extract to 
one of them. If lactic acid is present, the solution in the 
test turns a pale yellow, showing a distinct difference as 
compared with the control tube. 

Icteric. — The chief change in the spinal fluid, as well as in 
the serum, is in the color. Besides this, with proper chemical 
tests, one may find one or the other constituent of the bile. 
The most interesting, and, from a serologic pmint of view, the 
most important, occurrence is the behavior of sera from 
jaimdiced patients to the Wassermann reaction. It is by no 
means rare to obtain a positive reaction in patients suffering 
from profound hepatic involvement witliout giving the 
slightest cue to the existence of lues. I had the opportunity 
to follow up such cases to the end without having been able 
to demonstrate postmortem any of the changes usually ob- 
tained with sj-philis. This observation suggested to me an 
experiment which proved to me that the appearance of 
bile-products in the patient's serum may give rise to a non- 
specific inhibition. To the serum from a patient who on 
many occasions served as the negative control I have added 
gradually increasing quantities of fresh ox-gall. At a certain 
concentration the reaction proved strongly positive for 
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twenty-four hours in the incubator. In previous writings I 
have repeatedly pointed out the possibility of obtaining 
such a result without syphilis being present. The spinal 
fluid is less subject to such a pseudo-result, perhaps because 
the concentration of the bile-products in the cerebrospinal 
fluid is insufficient to produce this reaction. Colleagues have 
also related similar experiences, having on several occasions 
obtained positive Wassermann reactions on sera from 
patients with carcinoma of the liver. In one of my obser- 
vations the positive Wassermann reaction appeared after 
a secondary involvement of the liver by a carcinomatous 
process, the reaction before this being absolutely negative. 

Extraneous. — I^ad. — ^The serology of this form of in- 
toxication was practically covered in dealing with lead 
psychosis. 

Mercury, — In acute mercurial intoxication traces of this 
metal, together with a mild pleocytosis, were found in the 
cerebrospinal fluid. 

Carbon Monoxid. — In a case where suicide was attempted 
with illuminating gas the serologic analysis showed an 
increase of albumin in the spinal fluid and a pleocytosis con- 
sisting of 80 per cent, of pol>Tiuclear elements. Thin fila^ 
ments were seen in the fluid, suggestive of fibrin. After 
twelve days the pleocytosis disappeared entirely (Legry and 
Duvoir). 

Atropin. — An excess of albumin was obtained in a case of 
intoxication with this alkaloid. 

Manganese. — ^A peculiar form of intoxication was observed 
by Dr. L. Casamajor among men who work in zinc mines. 
The ore is combined with manganese, which, in the course 
of separation, exists as a very fine powder. The patients 
showed, among other s^onptoms, a gait similar to that of 
paralysis agitans. The cerebrospinal fluid was entirely 
negative. 
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THE SEROLOGY OF NERVOUS AND MENTAL 
DISEASES OF LUEHC ORIGIN 

TABES DORSALS 

In addition to the individual laboratory findings, the 
ierolog>' of this disease will also embrace the significance and 
interpretation of the different serum and spinal-fluid phe- 
nomena encountered in the various types of syphilitic in- 
volvement of the central nervous s\'stem. It is perhaps bet- 
ter tfi discard the old terms, "para" and "meta/' as applied 
to syphilis, and to consider tabes, as well as other nervous 
diseases caused by the Treponema pallidum, as s^-philis pure 
and simple. Xoguchi demonstrated the presence of the 
Treponema pallidum in the brains of patients with general 
paresis, as well as in the spinal roots of one patient suffering 
from tabes. 

In the serologic consideration of tabes, particular stress 
will be laid upon certain phenomena that have proved of 
great utility from a diagnostic, therapeutic, and prognostic 
viewpoint. These manifestations will be referred to repeat- 
edly in dealing with this part of the serology of the luetic 
nervous disease. 

For the clinical interpretation of the various neiux)logic 
entities of which this section treats I am greatly indebted 
to the Medical Officers of the Neurological Institute for their 
hearty cooperation. The routine serologic examinations 
performed on the great majority of patients who apply 
to the Institute for medical advice showed that syphilis of 
the nervous system may exist for many years without being 
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suspected by the physicians who had previously treated the 
patient. Vague pains and gastric diaturbances are often 
treated for rheumatism and chronic stomach catarrh, and 
it is not until the serologic investigation discloses the true 
origin of the pains and the real significance of the stomach 
trouble that the etiology becomes clear. Some of these cases 
were differentiated from non-iuetic diseases, at first with 
difficulty, but when the serology proved to be positive, there 
was no longer room for doubt. The juvenile form of tabes 
also offered great opportunity for errors in diagnosis. That 
sj-philitic parents are capable of producing in their offspring 
unquestionable locomotor ataxia has been proved beyond 
doubt. The youngest case of tabes observed in the Neuro- 
logical Institute was in a girl of six. 

In the form of tabes which is monosymptomatlc the diag- 
nosis without serologic investigation would be made only with 
extreme difficulty. It seems that spinal fluid changes are 
almost as constant in tabes as is the Argyll-Robertson pupil 
or the absent knee-jerks, and it is, moreover, a gratifj'ing 
coincidence that where the clinical diagnosis is most obscure 
and difficult, the laboratory is frequently able to furnish 
weighty evidence. It is needless to say that, so far as the 
diagnosis of tabes dorsalis is concerned, the laboratory does 
not play an active part, but it must be remembered that the 
serologic investigation in tabes is not always conducted for 
the purpose of clinching the diagnosis, but, on the contrary, 
from my experience, the reports are more often desired for 
the purpose of gaging the treatment. Occasionally prog- 
nostic suggestions are looketi for from the laboratorj', or 
the fluid is submitted for analysis in order to ascertain 
the possible transition of one luetic nervous disease to 
another. 

The task of establishing types or laboratory standards 
for this disease required abundant material, and the results 
obtained had to be grouped together with the clinical diag- 
noses fiuTiished after the reports were submitted to the 
physician in charge. These standards or tj'pes will be spoken 
of under the various headings of "usual serologic type," 
"hyperlj-mphocytic type," "negative type," etc. In making 
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this classification no hard-and-fast rules are laid down; 
the terms "always" and "never" are not used, and it is taken 
for granted that allowance will be made for exceptional oc- 
currences. It is needless to emphasize the fact that in the 
compilation and classification of the various standards the 
greatest number of cases established the "usual serologic 
type"; that the exceptionally high cell count suggested the 
"hyperlymphocytic type," etc. The serology of the largest 
number of cases of tabes is to be observed in the "usual 
serologic type," which will first be considered. 

The "Usual Serologic Type" of Tabes 
In by far the greater number of cases of tabes the cerebro- 
spinal fluid gives a negative Wassermann reaction. In 
speaking of the greatest number of cases, I am considering 
the results obtained from a study of 425 cerebrospinal fluids 
from various tabetics. The serum Wassermann is more 
often positive than negative. The globulin content of the 
cerebrospinal fluid is generally negative, an excess reaction 
in this type being seldom encountered. I do not consider 
those cases that may give a trace of globulin. The cell 
count ranges from 25 to 95, the two extremes, 25 and 95, 
being rather the exception than the rule. The majority of 
fluids gave a cell count that ranged between 37 and 73 cells 
per cubic millimeter. This observation shows that the 
serology of the form of tabes which I designate as the "hy- 
perlymphocytic type" may include also specimens that 
show no globulin excess, as well as a negative Wassermann 
reaction, in the cerebrospinal fluid, a fact to be remembered 
when studj-ing the "hj-periymphocytic t^-pe." Clinically, 
there is nothing to mark this serolo^c form of tabes; in fact, 
the first intimation that the patient is suffering from this 
laboratory tj'pe of disease is had when the rachicentesis 
reveals meningeal involvement. It is to be noted that these 
designations merely express the serologv- of the malady, 
which, as a laboratory entity, may have little in common 
with the evidences observed during the course of the disease, 
particularly in this t.vpe of serum and fluid analysis. The 
serologic formula of the "usual serologic type" is as follows: 



THE " HYPEHLYMPHOCYTIC TYPE OF TABES 





BxAtmoa. 


0^. 




EnDDcnoN or 


Poaitive. 


Negative. 


Normal. 


From 26 to 
05. 


Always 
prompt. 



The cells number 98 per cent, of lymphocytes. 

The " hypeblymphocytic Type" of Tabes 
It may generally be accepted as a fact that the more 
manifest the active evidences of the disease, and the more 
evident the painful phenomena, the greater is the celt count 
in the cerebrospinal fluid. This should not, however, be 
accepted as an invariable rule in the "hyperlympbocytic 
type" of tabes, for exceptions occur; e. g., very active signs 
of tabes may occur without a corresponding cellular in- 
crease, and tabetics who are comparatively comfortable 
may show hundreds of cells. As has previously been stated, 
these designations apply to the majority of observations, and 
nowhere in this study of the serology of ner\ous and mental 
diseases are the terms "always" and "never" made use of. 
In the majority of instances, where the cell count in the 
cerebrospinal fluid is high, a positive Wassermann reaction 
in the serum will also be obtained. This finding, as an ac- 
companiment of the "h>-perIymphocytosis," is a fairly con- 
stant one — in my experience it occurs in 94 per cent. 

With the higher cell counts one also encounters an excess 
of globulin, all of which point to the existence of a more or 
less active meningeal process. The spinal fluid Wassermann 
is positive in about one-half of the cases of this type. The 
pleocytosis averages, as a rule, less than 100 cells per c.mm., 
although here and there one may find as many as 200 and 
even 300 cells per cmm. These findings are, however, the 
exceptions, and cannot be regarded as establishing the upper 
limit of the pleocytosis of this serologic variety of tabes. 

Not infrequently one encounters what may be termed 
the intermediary variety of this form of tabes and the 
"usual serologic type," the connecting link being the positive 
globulin findings in the fluid, the Wassermann reaction being 
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negative in the fluid and positive in the serum. Because of 
the usually high cell count — over GO—this class of cases may, 
for the sake of brevity, be included in the "hyperljinphocytic 
type," with a consequent reduction of the positive fluid 
Wassermann to 54 per cent, of the cases. 

Very exceptionally the pleocj-tosis may reach as high as 
210 and 268 cells per c.mm. These figures represent actual 
observations on two cases; the serum Wassermann and the 
fluid Wassermann were positive, an excess of globulin being 
obtained in the latter. In two other instances the cell count 
was 192 and 240 respectively, but the fluid Wassermann was 
negative. The cells encountered were lymphocytes, with an 
occasional polynuclear or a polymorphonuclear cell. The 
lower count fluids presented a uniform lymphocjiiic picture. 

The serologic formula of the "hyperlymphocytic type" ia 
as follows: 



^^£t 


^i?.TcSr 


„„.™ 




HiDDtTioM or 


Positive, as 
anile. 


Poritive in 
cent, ot 


Excess. 


60 to 96 

(and more). 


Always prompt. 



The "Negative Type" of Tabes 
The designation "negative type" is applicable to a ^■e^y 
small number of cases presenting an absolutely normal 
serology. In my series only .'30 cases gave these findings, 
which is equivalent to about 7 per cent, of the material 
analyzed. There are instances, however, that are almost 
negative, and differ from the absolutely "negative type" 
in that they present a more or less insignificant pleocj^tosis, — 
from 12 to even 32 cells per c.mm., — the remainder of the 
serology being entirely negative. 

It is well to note at this point that although the "bjper- 
lymphocj-tosis" may be taken as proof of the existence of a 
meningeal irritation, the "negative tj-pe" serology, on the 
other hand, is significant of the absence of such irritation, and 
indicates the existence of a more or less purely degenerative 
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process. It must be borne in mind that some tabetics with 
a "negative type" serology nevertheless occasionally present 
the clinical picture of an active process, particularly pain, 
and respond readily to proper therapy. Although it may be 
difficult to reconcile negative serologic findings with a process 
that indicates an active ganglionitis, it is, nevertheless, 
plau^ble to believe that the active process may be confined 
to a locality which prevents spinal fluid contamination. It 
may also be possible that the exudative process affecting the 
ganglion in the intervertebral foramen is prevented from 
producing a pleocytosis in the cerebrospinal fluid by the 
formation of a barrier during the process of repair in the 
course of a previous inflammation. This latter will wall off 
the laboratory signs of inflammatory manifestations, in- 
cluding the pleocj-tosis, from the subarachnoid space. Thus 
may be explained the presence of active symptoms in a 
patient whose fluid presents a moderate cellular increase or 
even no increase at all. On the other hand, the nervous 
elements between the bony walls of the foramen and the 
nervous structures contained therein are so closely crowded 
that but little exudation or other inflammatory manifesta- 
tion is necessary to produce pressure and, hence, pain. 

The pleocytosis seen in herpes zoster rarely gives more 
than 40 or 50 cells per c.mm., and, furthennore, the absence 
of a cellular increase in this malady is of very frequent 
occurrence. Since more elaborate anatomic studies are lack- 
ing, one may select any of the contentions just set down or 
formulate another for himself as experience may teach. 

The "relatively negative type" of tabes presents a border- 
line cell count, and may occasionally show but 25 cells per 
c.mm. Here and there I observed what may be considered 
the upper cell limit of this type, and counted 30 and 32 ceUs. 
The remainder of the serology is entirely negative. This 
"relatively negative tj'pe" was obtained in 21 per cent, of the 
cases studied. There is another variation of serologj- which 
shows a negative Wassermann reaction in the serum, a posi- 
tive reaction in the cerebrospinal fluid, a normal globulin 
reaction, and a pleocytosis of from 20 to 50 lymphocytes 
per c.mm. This variety is obtained chiefly after treatment, 
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and, a3 will be shown later, presents a phase in the methodic 
negativation of the positive serologic picture in the course of 
its conversion to the "absolutely negative tj-pe." 
The serologic formulse for this form of tabes are as follows: 

THE "ABSOLUTELY NEGATIVE TYPE" 



BuiTiiW. K. 


Fluid W.R. 


au»Du>. 




H",SSSJ?." 


Negative. 


Negative. 


Normal. 


3 to 8 cells. 


Prompt 
reduction. 


THE "RELATIVELY NEGATIVE TYPE" 


StauH w. R. 


FLtm. w. R. 


C.».^, 


,.«.™., 


"■^sss;:- 


N(S8tive, 


Negative. 


Nomuil. 


12 to 32 
cells. 


Prompt 
reduction. 



7ASSERMANN FAST TaBES 
In Speaking of those cases showing great resistance to 
therapy I refer chiefly to the serology of the serum and only 
secondarily to tliat of the cerebrospinal fluid. Further on 
a suitable case will be describeii to show the permanency of 
certain serologic findings, and from this it will be seen that 
the reverse of the usual behavior of the entire serology takes 
place as a result of the treatment, A study of the manner 
in which a serology of the "hyperlymphocytic tjTJe" becomes 
gradually "negative" will disclose the fact that the cells in 
the spinal fluid are the first to be influenced; the globulin 
excess and the serum Wassermann are next affected, and be- 
come either weakly positive or entirely negative. This is 
not so, however, with the form of tabes under discussion. 
Here the cells in the fluid, the globulin, and the fluid Wasser- 
mann may become entirely normal, but the positive serum 
Wassermann remains uninfluenced. It has been main- 
tained that the histologic nucleus about which tabo-paresis 
gradually develops may be present for a long time before 
clinical manifestations of the coexistent tabo-paresis become 
evident. It seems to me that serologic methods will enable 
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one to demonstrate the coexistence of such conditions much 
earlier than is possible at times with purely clinical methods. 
As examples of the condition the following individual cases 
are offered: 

Mr. S. P., August, 1911, tabes. Initial serology as fol- 
lows: 



Sebum W. R. 


Fluid W. R. 


Qlobuldi. 


Plkocttosu. 


Positive. 


Positive. 


Excess. 


60 lymphocytes. 



Following this report the patient was given mercury in- 
unctions, from 2 to 4 gm. every third day. After the ad- 
ministration of 30 inunctions the serology at the end of 
September was: 



Sbbum W. R. 


Fluid W. R. 


Globulin. 


Plbocttosis. 


Positive. 


Positive. 


Excess. 


53 lymphocytes. 



After this report the patient received 21 intragluteal in- 
jections of salicylate of mercury, and in December the 
serology' showed the following improvement: 



Sbbum W. R. 


Fluid W. R. 


Qlobuum. 


Plbocttosis. 


Positive. 


Positive. 


Normal. 


50 lymphocytes. 


In January, 1912, the injection of a full dose of salvarsan 
was given intravenously. In February the serology showed: 


Sebum W. R. 


Fluid W. R. 


Globulin. 


Plbocttosis. 


Positive. 


Positive. 


Normal. 


41 lymphocytes. 



Since then, until February, 1913, the patient received five 
intravenous injections of salvarsan, which resulted in the 
persistence of the positive Wassermann in the serum, the 
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fluid WassermaiiD became negative, and the cells fell to 
17 per cmm. 

It 13 not essential for our purpose to start with the serologj- 
of the "hyperlj-mphocjtic tjTie"; cases presenting an equally 
strong resistance to treatment may be taken from the 
"usual serologic tj'pe," as the following case will illustrate: 

Mr. St. was treated for three years for a gastric catarrh. 
Symptoms included iVrgyll-Hobertson pupils, absent knee- 
jerks, and subjectively gastric crises. The serology per- 
formed in March, 1911, showed: 



BuDiiw. a. 


Fluid W.R. 




Positive. 


Negative. 


Normal. , 42 lyinpbocytw. 


Patient was given 24 mercury inunctions, and in May of 
same year showed — 


Smvh W. B. Floib w. r. 


Qlobuioi. 




PodtiTe. NwUive. 


Normal. 


31 lymphocytes. 


June 2d he was given an intravenous injection of 0.6 gm. 
of salvarsan, and a serologic analysis was made. This showed : 


Smob W. R. 1 FLmD W. R. 


GLoacuH. 




Poaitivc. 1 Negative. 


Normal. 


24 lymphocytes. 



The t'linical course could not be influenced by treatment, 
and although the patient received 8 more salvarsan injec- 
tions intravenously, the serum Wassermann was not affected 
in the least. 

The existence of "Wassermann fast" tabes is strongly 
emphasized in the studies of Swift and Ellis, who use the com- 
bined method of treatment, injecting salvarsan both intra- 
venously and intraspinally. In an article which appeared 
in the Archives of Internal Medicine, September 15, 1913, 
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these investigators present the results of treatment in 
seven cases of tabes, in which they used the combined 
method. Of these seven patients, four presented the "Was- 
sermann fast" phenomenon, in spite of the vigorous therapy 
to which the cases were subjected. The treatment, as car- 
ried out by these authors, is as follows: 

Case 213. — O. W. A., aged twenty-nine; syphilis nine 
years; tabes, two and one-half years. 



Datb. 


Skbum 
W. R. 


Fluid 
W. R. 


Qlobu- 

LIN No- 

aUGBI. 


Cells. 


Intba- 

VBNOUB. 

Salvab- 

BAN. 


Intbaspinous, 
Sbbum. 


1911 

June 23 to 

Aug. 2... 

Aug. 5 . . . . 

Aug. 10... 

to 

Oct. 20.... 

Oct. 27.... 

Nov. 3 

Nov. 21... 

Dec. 12. .. 

x^ec. x«7 ... 
1912 

Jan. 5 


+ + 

• • • • 

+ + 

+ 

+ 
+ + 
+ + 
+ + 
+ + 

+ 


6.1 i* ' 

o.i'+i 
6.1++ 

0.1 + + 
0.2+ + 

0.1 + + 


H-lf: : I: |: 

• • • • 
■ • • • 


iio 

75" 

'20" 
19 

22 


5x0.2 

4x0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.3 


25 c.c. of 40 per cent. 

20 c.c. of 50 " 
30 c.c. of 70 " 
25 C.C. of 40 " 

30 C.C. of 50 " 



From January 5, 1912, to February, 1913, the patient 
received 10 salvarsan injections intravenously, each of 0.3 
c.c, and, in addition, 10 instraspinous injections of 30 c.c. 
of 50 and 40 per cent, serum. The last analysis in February 
showed a positive serum and fluid Wassermann, no ceUs, 
and a normal globulin reaction. 

Similar findings were had in Case 893, in whom 10 intra- 
venous and 4 instraspinous injections resulted, at the end of 
six months, in a ++ serum Wassermann, the fluid reaction 
being negative. 

In Case 152 the relative ^'Wassermann fast" condition 
was obtained. The patient received, in the first year, 2.2 gm. 
of salvarsan in 12 intravenous injections, and then, in one 
month, 1.5 gm. salvarsan in 5 injections, plus 3 intraspinous 
injections, totaling 36 c.c. of the patient's own serum. In 
January, 1913, the patient sufiPered a relapse, which was re- 
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lieved in two months by giving 7 intravenous injections of 
neosalvarsan, totaling 5.8 gm., and 6 intraspinous injections, 
totaling 72 c.c. of the patient's serum. The resulting analysis 
in April, 1913, gave a +± serum Wassermann, 7 ceils, a 
globulin excess, and ± fluid Wassermann, In this patient, 
on one occasion, a negative serum Wassermann was obtained, 
and five times a ± result. 

Case 113 is another instance in which salvarsan, mixed 
treatment, and neosalvarsan, as well as intraspinous therapy, 
resulted, after two years, in the production of a positive 
Wassermann in the serum. 

In concluding the report of the results attained by them 
from the intraspinous serum treatment, the authors deplore 
the fact that their studies with general paresis were very 
limited, not permitting them, at the time this report was 
published, to formulate definite conclusions. In one patient 
with early paresis, and in one or two others who must be con- 
sidered as border-line cases hovering between tabes and 
paresis, the treatment resulted in a rapid decrease in the 
pleocytosis and a moderate decrease in the globulin, but 
the Wassermann reaction was slower in showing a response 
to the treatment. 

The foregoing findings relative to the inability of treat- 
ment to influence the Wassermann reaction in some cases, 
and the clinical opinion laid down as to the possible transi- 
tion of tabes to general paresis is very interesting, more 
rapccittlly regarded from the viewpoint entertained by 
myself throughout these analyses. 

jiA^NiLB Tabes 
This classification is based on purely clinical findings, but 
ns Uic serology of the serum and spinal fluiti is often the 
detirmining factor, it is pro]}cr to consider it here. In three 
caitea of this form of locomotor ataxia the serum was positive 
in two, the spinal fluid Wassermann was negative in every 
one, there was no increase in the globulin content, and the 
cell count was 43, 35, and 17 respectively. The smaller 
count was obtaine<l in the case that gave an entirely nega- 
tive result with the other tests. In one case the serologic 
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investigation proved of great value in making the final diag- 
nosis, as the extreme youth of the patient almost made such 
a conclusion impossible. It must nevertheless be admitted 
that infantile tabes is a possibility, cases having been de- 
scribed by Bruce, Collins, Maas and Hagelstamm, and others. 
In difficult cases the serologic corroboration is an important 
adjuvant to our methods of differential neurologic diagnosis, 
particularly when one bears in mind that such conditions as 
pseudotal>e3 diphtheritica may at times evince a symptom- 
atology closely simulating that of tabes. Although in this 
disease the previous history is frequently in itself sug- 
gestive of the cause of the condition, the fact must not be 
lost sight of that diphtheria may attack a child with a 
hereditan- tabes in whom the cardinal signs of the spinal 
cord involvement prior to the diphtheric infection were not 
sufficiently severe to necessitate seeking medical advice. 

In such a eoincidenee the danger would lie in placing too 
much credence on the history of an infectious disease of 
recent date, and omitting the lumbar puncture, which 
would settle at once the real etiology of the spinal trouble 
and indicate the proper line of treatment. The interpreta- 
tion of neurologic disorders without the aid of serologic 
methods will in the future be regarded as negligence on the 
part of the physician, and will, besides, lead both patient and 
physician astray. Surprises are always in store for the 
physician who performs rachicentesis on all neurologic cases 
as a routine procedure, and the same applies also to the 
surgeon. 

MONOSYMPTOMATIC TABES 

The question of the specific origin of the fixed pupil is by 
no means a settled one. Tt cannot be denied that most of 
these pupils are of specific origin, and frequently constitute 
the initial sign of tabes. It is not at all uncommon to en- 
counter patients who present an Argyll-Robertson pupil and 
yet have nothing else suggestive of tabes. The diagnosis 
of tabes in its incipiency is not always easy, particularly 
when the spinal fluid has not been analyzed. I have in mind 
three cases of this form of tabes: in one, Mr. L., all that eould 
be found was a primary optic atrophy; no Argyll-Robertson 
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pupils; no Romberg; no Westphal; no pain; no other sensorj' 
diaturbaneea. Sj-philitic contamination wa3 denied, and 
no clue to the etiology of the optic atrophy could be secured. 
The serology revealed the following picture: 


8uuM W. B, 


FtCTO W. R. 


GUIBCTUH. 


P_™.. 


Fmunq-b. 


Positive. 


Positive. 


Exoeea. 


leoiympho- 
cytee. 


Prompt. 


From the foregoing serologic report there can be no doubt 
that syphilis is the cause of the atrophj-, in spite of the denial 
of luetic infection and the absence of other corroborative 
signs of lues. 

It is quite evident that a study of the serum and fluid wilt 
in some cases give a clue as to the etiology ; in others, as to the 
diagnosi3;andinothersagain, as to the line of treatment and 
the prognosis. 

In another case the only symptom complained of was im- 
potence of two years' duration. The difficulty came on 
gradually and is now (1913) complete. Patient denied syph- 
ilis; has one healthy child. The physical analysis gave no 
evidence suggestive of tabes; reflexes were normal, as were 
also the pupils. A band of hyperesthesia was elicited in the 
area covered by the first and second lumbar segments. The 
serologic analysis gave the following result; 


Sebdh w, r. 


Fmio W. B. 


o^™. 




FEBUNO'a. 


Positive. 


Negative. 


Noraud. 


67 lympho- 
cytes 


Prompt. 


Here we have the type of serology that corresponds with 
that obtained in the "usual serologic tj'pe" of tabes. This 
case will be referred to again, as the results of treatment ob- 
tained are instructive. 

In a third case the only disturbance complained of was a 
painful seTisation at the head of the penis. This was later 
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shown to be a "penile crisis," and improved markedly after 
treatment. In this instance the serology was abo positive, 
and aided in the final (lia^nosis of the case. 

The Influence of Therapy on the Serology and 
Clinical Course op Tasks 

Before discussing the changes in the serology effected by 
appropriate treatment, it will be well to give suggestions as 
to the advisability of therapy as may be mdicated by a 
study of the serum and the cerebrospinal fluid. All are agreed 
on one point: that the posterior spinal sclerosis cannot be 
cured by treatment, \^'hethe^ or not treatment can check 
the ascending tendency of the degeneration has not been 
settled. On the other hand, it has been quite well established 
that the inflammatory processes, whether they be mild 
or severe, can be influenced by specific treatment, and no 
matter how well chosen the remedy, more than this cannot 
be accomplished by any means. Therapy, therefore, resolves 
itself into a question of who shall and who shall not receive 
the treatment. 

The selection of patients suitable for treatment must be 
made as the result of a thorough knowledge of the clinical 
and laboratorj- data. The active manifestations of tabes 
are, in the majority of cases, due to active processes in the 
meninges. These are chiefly of an inflammatory nature, 
and frequently affect the cerebrospinal fluid in a specific 
manner. This change in the fluid is readily demonstrated 
by serologic methods, and will guide the therapeutist in 
deciding for or against treatment. A purely degenerative 
tabes, i. c, a tabes devoid of any meningeal manifestations, 
be they ever so mild, is not the rule, and, as previously 
stated, was seen in only 7 per cent, of the cases that came to 
the laboratory of the Institute. As was asserted elsewhere, 
purely degenerative tissue changes cannot be influence<l by 
treatment, and as the "negative tvpe" of serology represents 
the purely degenerative type of tabes, it is m,\' contention that 
such tabetics should not receive the usual specific remedies, 
and are better without any treatment. If anything is to be 
accomplished, it must be by reeducation, hydrotherapy, 
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electricity, and not by the introduction of substances that 
are in themselves not altogether devoid of toxic properties. 
I know of cases in which the strenuous treatment was the 
cause of the rapid decHne of the general health of the patient, 
one patient dying a few months after treatment was insti- 
tuted. The foregoing contention applies to the "absolutely 
negative type"; the "relatively negative type," where some 
15 to 30 cells per c.mm. are to be found in the spinal fluid, 
may be subjected to mild specific medication with benefit. 
We will next consider the effect of treatment on those 
forms of tabes that present serologic evidence of a meniji- 
geal irritation. First in order is the "usual serologic tj^e," 
with a positive serum Wassermann, a negative fiuid Was- 
sermann, normal globulin content, and a cell count of from 
25 to 95 per c.mm. The chief object sought in the treat- 
ment of tabes is, of course, to influence pain or other un- 
plesant subjective manifestations. Besides this, it is very 
gratifying to note the improvement in the serologic picture. 
In fact, having obtained improvement subjectively, it is the 
therapeutist's duty to follow up the case until the serology 
has become as nearly normal as it is possible to make it. 
That this can be done will be seen from the following de- 
scription of a case of "monosymptomatic tabes." We will 
start with the "usual serologic tj-pe." On November 6, 
1912, the serology was as follows: 



SuuM W. R. 


Fluid W. H. 


Globolin. 


P-^™,. 


FHHUNQ'B. 


Potiitive. 


Nc^ativB. 


Normal. 


67 cells. 


Prompt. 



On that day the patient recaved an intravenous injection 
of neosalvarsan. On November 19th another serologic 
study revealed: 
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From November 19th to January 7th three neosalvarsan 
injections were administered, and on December 17th the 
serology showed: 



Serum W. R. 


Fluid W. R. 


Qlobuum. 


PLBOCTTOfllB. 


Negative. 


Negative. 


Normal. 


21 cellR. 


On the seventh of January, 1913, the serologic report gave: 


Smuif W. R. 


Fluid W. R. 


Qlobuun. 


Plbocttoos. 


Negative. 


Negative. 


Normal. 






Upon studying the changes obtained in the serum and 
spinal fluid it will be observed that the case went through 
a stage of the "relatively negative type," and on the seventh 
of January showed the "absolutely negative type" serology. 
With the serologic negativation came the gradual return of 
the lost sexual power, which was preceded, on December 28th, 
by a disappearance of the band of hyperesthesia. 

With insignificant variations in the change from positive 
to absolutely negative serologic pictiu-es, all other reports 
follow approximately the same course. Regarding the 
clinical improvement, however, as much cannot be said, 
as very often the serologic picture becomes negative long 
before the clinical exudative manifestations have subsided. 

The greatest benefit to the patient, and the source of most 
gratification to the physician, are to be obtained from the 
treatment of the "hyperlymphocytic type" of tabes. This 
type represents the serologic expression of an exudative proc- 
ess in the meninges, and the presence of inflammation and of 
syphilis. The serology, as shown before, may or may not give 
a positive Wassermann reaction in the cerebrospinal fluid 
(see Hyperlymphocytic Tabes), but the chief index to the 
exudative condition is the high cell coimt. The rapidity 
with which the cell coimt in the spinal fluid falls after appro- 
priate treatment can almost be compared to the diminu- 
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tion in the leukocytosb after the opening of an abscess, and 
the relief to the patient is not infrequently as prompt. 

One patient who suffered great pain and gave the classic 
"hyperlymphocytic type" serology showed the following 
picture: 



tteBUMW. R. 


Flow W. R. 
Positive. 


Qlobuun. 


Plbocttosis. 


Positive. 


Positive. 


95 cells. 



On January 3, 1913, the patient received 0.9 gm. of neo- 
salvarsan intravenously. 

On January 20th the laboratorj^ report gave the following 
result : 



Hmum w. h. 



Positive. 



Fluid W. R. 


Qlobuun. 


PLEOCTTOaiS. 


Positive. 


Negative. 


73 cellB. 



On January 25th another dose of neosalvarsan was given. 
On February 9th the laboratory report showed: 



Hmum W. R. 



N(^Ativ«^ 



Fluid W. R. 


Qlobuldi. 


Plbocttosis. 


Pwitivo. 


Negative. 


50 cells. 



February 10th patient received a full dose of neosalvarsan. 
February 20th the serologic picture was: 



Hbhdm w. r. 



Negative. 



Yhvw W. R. 


Qlobuun. 


Flbocttosb. 


Negative. 


Negative. 


10 cells. 



In this instanw the clinical course was extremely grati- 
f>'ing. The imin left the patient two daj-s after the first in- 
jection, and did not return. 
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The negativation shown in the preceding schedules repre- 
sents the usual serologic findings in the course of tabes fol- 
lonnng treatment. Occasionally cases are encountered that 
offer great resistance to treatment, and will not show a nega- 
tive response, no matter how painstaking the therapy. These 
cases have been considered under the head of Wassermann 
Fast Tabes (p. 138). 



The advent of a tabn-paresis is frequently determined 
much earlier by serologic investigation than is possible with 
clinical methods. The success obtained by the reduction of 
the pleocytosis is counteracted by the inability to render the 
serum Wassermann negative. It will be shown further on 
that the positive serum Wassermann in some cases of general 
paresis closely simulates the serum of an early case of tabo- 
paresis, and presents, in the majority of instances, a rela- 
tively insignificant pleocj-tosis. The two cases described 
under the head of Wassermann Fast Tabes both developed 
unquestionable clinical manifestations of tabo-paresis, the 
first patient having since died in an insane asylum in a 
paretic decline. At the time the first serologic investigation 
was ma<le no clinical signs of paresis were demonstrable in 
either of these patients. 

In consideration of general paresis it should be remembered 
that characteristics are to be obtained in the serum from a 
tabo-paretic that will enable one to classify certain sera as 
auspicious from the very beginning, without subjecting the 
patient to a prolonged course of treatment. This method 
is not, however, to be depended upon alone, and treatment 
is to be applied to the patient as a test before the final prog- 
nosis can be offered in a case of tahes. These suggestions 
apply only to cases where there is difficulty in the clinical in- 
terpretation, where the amount of treatment required by a 
patient is to be ascertained, or where it is important to 
render a prognosis in a peculiar case of tabes. It is a gratify- 
ing fact that biologic abnormalities precede the clinical by 
a time interval sufSciently great to permit of therapeutic 
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efforts heroic enough to ward off this disease, which is so 
hopeless when once it is apparent clinically. 

Serolo^cally, tabes presents four distinct types: The 
"Usual" type, the "Hj-perl.vmphocytic," the "Negative," 
and the "Wasaermann fast" types. The percentage of the 
different types is as follows: 

The " Unual " HCTologic type 38.0 per cenL 

Thi? "HypiTlymphocytic' type 21.8 " 

( The " Negative type absolute^' 7.0 "\ 

(The "Negative type relative" 18.8 " J 

'ITii- "WauBprmann fast" type 8.5 "' 

Miseelliuieouii mixed fonna 6.1 " 



Serfilogic methods are essential to the proper interpre- 
tation of the rarer forms of tabes, such as the "juvenile" 
and "monosymptomatic" forms. The "Hjperlymphocytic" 
type of tabes, representing the serologic expression of 
meningeal irritation, is the form of tabes most amenable to 
treatment. The same holds true for the "Usual" serologic 
type. 

Purely degenerative processes do not, as a rule, give the 
findings commonly observed in exudative conditions, hence 
treatment of the "Negative type" often falls short of its 
purpose. In a case of tabes in which all efforts fail to render 
the serum Wassermann negative, the advent of a tabo- 
paresis is to be thought of, although at the time no somatic 
or psychic manifestations may be demonstrable. In cases 
in which treatment Is beneficial clinically, the result also 
shows an improvement in the serology, so that the pleocjlOMS 
tends to become less pronounced, the globulin excess disap- 
pears, the positive serum Wassermann becomes negative, 
and, lastly, the spinal fluid Wassermann also becomes nega- 
tive. In the "Wassermann fast" type of tabes this result is 
not to be attained, and if it does occasionally occur, a recur- 
rence is certain to take place after a short interval of time. 
The various serologic combinations in tabes as observed in 
these studies were as follows: 




SnoiiW. R. 


Fi.cnn W. R. 


0^.™. 


P.™™™. 


(a) Positive. 


Poeitive. 


Exceas. 


60 to 96 (63 cases). 


(6) Positive. 




Excess. 


30 to 88 (54 cases). 


(c) Positive. 


Negative. 




25 to 95 (162 cases). 


(d) Negative. 


Negative. 


Normal. 


12 to 32 (90 cases). 


U) Negative. 


Negative. 


Normal. 


3 to 8 (30 cases). 


(f) Negative. 


Positive. 


Nonnal. 


20 to 50 1 ,™ _„,^, 
16 to 47/'™''**^'- 


&) PoStive. 


Positive. 


Ejccess. 



The foregoing table includes all varieties observed, and 
also takes into account the treated and the untreated cases. 
Most of the patients from groups {b) to {/} received treat- 
ment, and only a few patients from groups (a) and {g) were 
subjected to adequate therapy before the analyses were 
made. The greatest number of cases who presented the 
"Wassermann fast" phenomenon after vigorous therapy 
were gathered from group (g). Although treatment of the 
"Negative type" ofTers little encouragement to the thera- 
peutist, one must bear in mind the possibility of an exuda- 
tive process running its course in a place where the spinal 
fluid does not actually come in contact with the area involved, 
and hence no marked cellular increase follows. This must 
not be lost sight of, particularly in those cases of the "Nega- 
tive type" of tabes that exhibit considerable pain and other 
symptoms showing involvement of the ganglion on the 
posterior root (zoster). Treatment of this last form of the dis- 
ea,se is often followed by distinct improvement, regardless of 
the absence of a marked pleocytosis. 

A glance at the various serologic possibilities to be met 
in tabes will convince one that no hard-and-fast rules can be 
laid down to enable one to say beyond question that there 
is a combination of serologic findings that always indicates 
the existence of tabes. Clinical facts, collated with labora- 
tory findings as shown in one complete picture, furnish the 
only possible means for correctly diagnosing a case as tabes. 
Not infrequently the laboratory is of no assistance so far as 
the serologic corroboration of tabes is concerned, as is the 
case when the "Negati\'e type" is the form at hand. For- 
tunately, "Negative types" and clinically obscure tabes are 
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very rarely observed together, but when they do occur, it is 
safer to defer the diagnosis temporarily. The cases so far 
considered that really did offer clinical difficulties, such as the 
cases of monosymptomatic tabes and the few juvenile forms, 
showed sufficient serologic abnormalities to remove all doubt 
as to the genuineness of the tabes. 

In studying the percentages of positive Wassermann reac- 
tions obtained in the serum of patients with tabes, it will be 
noted that here and there attempts have been made so to 
perfect the technic, or to introduce modifications, as would 
ultimately result in the possibility of securing 100 per cent, 
of positive Wassermann reports. If this object were really 
attained, what laboratory guide would the therapeutist have 
for gaging his treatment or determining the result of his ef- 
forts? There should be sufficient accuracy in the test to give 
a strong reaction with exudative tabes, a weak result when 
the disease is being properly treated, and a negative reac- 
tion at the conclusion of successful therapy, with the sole ex- 
ception of the "Wassermann fast" type. All these import- 
ant factors of the test would be lost if every tabetic were, 
from beginning to end, to give a positive result in his serum 
or fiuid with a method incapable of error. Of course, an 
unfailing test would be a good thing where considerable 
doubt existed clinically; on the other hand, what guarantee 
could we have that the test is infallible? So far, aU the 
modifications attempted have fallen short of their purpose, 
and only tended to increase the percentage statistics of 
syphilis, and render many an innocent sufferer miserable. 
My results in tabes gave the following figures: 



Sub™ W. R. 


Flcid W. k. 


Gu,.cuv. 


P..ac^.. 


i^s^'.^:^«. 


Positive, 68 
per cent. 


Poaitive. 21 
per cent. 


Excess, 30 
per cent. 


Present in 
90 per 

cent. 


Present in 100 
percent. 



CEREBROSPINAL SYPHILIS 
The serology of this varied luetic involvement of the ner- 
vous system depends, first, upon the anatomic distribution 
of the luetic focus and on its e.xtent; second, upon the pecu- 
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liar tendency of the sj-philitic virus to involve, selectively, to 
greatest degree the meninges in one patient; the inner walls 
of the blood-vessels in another, and in a third, to produce 
more or less extensive tissue changes of a gummatous nature. 
Collectively, these manifestations may be grouped, from the 
climcal point of view, under the head of cerebrospinal syph- 
ilis, or a further classification of the disease may be made 
according to its chief area of distribution— i. e., purely 
cerebral or wholly spinal — regarding as cerebrospinal only 
those cases that present a symptom-complex embracing both 
anatomic entities. From a serologic point of view, it makes 
considerable difference whether the disease is purely cerebral 
or purely spinal, and it is still more important to determine 
whether the process is a purely meningitic, a gummatous, or 
an endarteritic one. The condition may also be markedly 
chronic, and consequently present serologic differences be- 
tween this and the acute form. In the majority of instances, 
however, one is forced, from the manner in which the cerebro- 
spinal fluid manifests itself serologically, to conclude that, in 
the great majority of instances, one is dealing with a patho- 
logic state that is closely allied to the meningitides. This 
analogy is apparent in the absence in the fluid of the Fehling 
reducing substance, in the presence of a pellicle in the drawn 
fluid, in the great number of cells, and in the presence of 
poiynuclear elements. These findings, while not the rule, 
nevertheless occur, and frequently enough not to be regarded 
as exceptional. In certain forms of the disease these findings 
are almost the rule, as in the acute syphilitic cerebrospinal 
manifestations. In the gummatous and the endarteritic 
varieties the process is usually milder, and, of course, devoid 
of the acute meningitic accompaniments. 

Here and there serologic exceptions are encountered, as 
where it is cliiucally demonstrated that a high cell count 
ought to be found and it is not present, or that the Wasser- 
mann reaction is negative, although the patient did not 
receive treatment recently. These and other similar findings 
are mere coincidences, which tend to modify undue enthu- 
^asm, and to render clinical evidence of greater value than 
test-tube revelations. On the other hand, the clinician who 
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believes that a neurologic study is incomplete without proper 
serologic investigation ftill be rewarded by finding, often to 
his great surprise, that what appeared to be a non-luetic 
disease, is unquestionably cerebrospinal sjphilis. Such 
incidents are not rare, and clinical impressions without an 
accompanying serologic report are not infrequently erro- 
neous, a result that could have been avoided if a laboratory 
had been consulted. It is to be hoped that with the routine 
performance of serologic tests in connection with neurology 
and psychiatry the clinician will be enabled to diagnose and 
treat his patient's malady more skilfully and successfully. 

In the serologic report of a case of cerebrospinal syphilis 
the experienced neurologist, who is accustomed to interpret 
such findings, discovers ao much of value from the point of 
diagnosis, treatment, and prognosis, that an omission of such 
a study would seem to be more than negligence. As a 
matter of fact, neurologists of experience do not omit sero- 
logic investigations any more than they would omit oph- 
thalmologic examinations and sensory charting. Serol(^y 
has, as it were, become an integral part of a neurologist's 
armamentarium. It is well to emphasize, at this juncture, 
that to attempt to treat cerebrospinal sj^philis without mak- 
ing routine serologic investigations is to deprive the thera- 
peutist of one of the most exact and most definite gages as 
to the success or failure of his efforts. This is especially 
true at the present day, when we are undergoing a radical 
change in our therapeutic conceptions as to the correct valua- 
tion of newly discovered drugs, and perhaps are in the forma- 
tive period of an era that is laj-ing the foundations for the 
establishment of an exact science — the treatment of syphilitic 
nervous diseases. It is by no means too much to expect, in 
the near future, that a distinct therapeutic formula will be 
devised for each and every sj-philitic nervous disease, based 
on the conception of the complete clinical entity, both bed- 
fflde and laboratory. 

The older methods in vogue for the gaging of the efficiency 
of a certain remedy necessitated waiting for clinical improve- 
ment, subjective and objective, to take place; today this is 
considered by no means sufficient, unless the improvement is 
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accompanied by a corresponding change for the better in 
the serum and cerebrospinal fluid. The rapidity with which 
the serologic picture of a pronounced cerebrospinal syphilis 
becomes almost normal is the best guide as to the efficiency 
of a given method, and that method which will accompUsh 
this in the shortest period of time will be the comer-stone 
for the building of a definite structure for the therapy of 
syphilis of the nervous system. This work is being carried 
on in various institutions, and the results are already very 
encouraging. These results will be dealt with more fully 
in another part of this volume. 

The study of cerebrospinal syphilis, both at home and 
abroad, furnished various conclusions from the serologic 
point of view. Some (Hauptmann) busied themselves in 
elaborating methods, so that not a case of cerebrospinal lues 
would be overlooked serologically; others (Zeissler, Kaplan) 
attempted to do quite the reverse, i. e,, not to stigmatize one 
with this disease unnecessarily; others, again (Dreyfus, 
Kaplan), gave the serology of cases as affected by therapy. 
Plant attempted to evolve a serology typical of cerebrospinal 
lues in contradistinction to general paresis; a similar attempt, 
but from a different standpoint, was made by Nonne. These 
studies will be considered subsequently, together with the 
similar findings as obtained by the writer. 

THE "POSmVE SPINAL FLUTO" TYPE 

In this form of cerebrospinal lues the spinal fluid gives a 
positive Wassermann reaction. The frequency with which 
this was observed by me warrants considering this form of 
serology of cerebrospinal syphilis under a separate heading. 
Out of a total of 184 cases of lues cerebrospinalis, 61 gave 
this serologic finding, i, «., 33.33 per cent. According to the 
findings in the fluid, this variety includes the most pro- 
nounced examples of syphilitic cerebrospinal meningitis, as 
the cells may be present in such numbers as to exceed those 
in all the other luetic meningeal irritations. This is the 
serology that Plant formerly held as significant of general 
paresis; he has since, however, altered his original opinion. 
The conclusions of Hauptmann, on the other hand, do not 
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admit of the existence of the negative fluid Wassermann 
form ("Plaut type" of cerebrospinal lues). 

Neither the absence nor the presence of a jmsitive Was- 
sermann in the cerebrospinal fluid can serve as a guide to the 
diagnosis or exclusion of general paresis, nor can the Haupt- 
mann experience be regarded as a rule without exceptions. 

The Wassermann reaction in the serum is to a great extent 
positive in those cases that show the higher cell counts, — 
100 and more, — ^taking into consideration the possibility of 
obtaining a negative result in a well-treated case. In the 
untreated cases of this t\'pe the reaction is present in about 
90 per cent, of the material as observed by me. The posi- 
tive Wassermann in the serum of most cases is of the same 
degree of intensity as is obtained with the usual serologic 
tjpe of tabes. The lower cell counts in cerebrospinal lues at 
times show a very intense Wassermann reaction, not infre- 
quently simulating the "Wassermann fast" tabes serum. 
This reaction, however, does not merit a special classifica- 
tion, as it does not possess the clinical value of the one 
encountered in tabes. Phenomena are, however, encoun- 
tered that could be regarded as the serologic transition from 
cerebrospinal lues to general paresis, the serology not infre- 
quently being accompanied by clinical manifestations of 
beginning paresis, of which more will be adduced further on. 

Certain prominent neurologists believe that a preexisting 
cerebrospinal syphilis may prepare the soil for the future 
development of paresis. In view of our present development 
of the subject of neurologic sj-philis, it is almost impossible 
to consider each of the sj'philogenous nervous disorders as 
possessing an origin that is histologically entirely foreign 
to the other; it is much more logical to consider that the 
spirochete, from the earliest Involvement of the nervous 
apparatus, injures the structure in a manner that is not spe- 
cific, in so far as future tabes, cerebrospinal sjTJhilis, or gen- 
eral paresis is concerned. In one patient the same organism 
will produce tabes; in another, general paresis; but the be- 
ginning lesion, from which the clinical and pathologic differ- 
ences arise in the course of time, is essentially the same. The 
globulin is by no means always in excess, and if it is, this does 
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not always show an intensity corresponding to the degree of 
the pleocytosis. We are entirely at a loss at present to ac- 
count for this discrepancy, as the factors that produce the 
globulin excess are not clearly established. In this form of 
serology the globulin excess reached 88.8 per cent. The cell 
coimt in the untreated condition, or in cases in whom treat- 
ment was remote, ranges from 100 to 1700 cells. The cells 
are in the higher coimts of mixed type, with a large prepon- 
derance of the lymphocytes. The polynuclear elements, or 
the polymorphonuclear cells, when present in the fluid 
in large numbers, — ^f rom 40 to 200 cells per cubic millimeter, — 
also show an absence of the substance that, under ordinary 
drcimistances, reduces Fehling's solution. 

These findings, taken together, justify the assumption 
that a syphilitic meningitis is at the root of the serology, and 
that the cerebrospinal nervous system is pervaded by a spe- 
cific exudate. This exudate is most likely responsible for the 
constriction of sensory nerves and pressure on motor tracts 
pving the clinical pictiu^ of the disease. 

This serologic type of cerebrospinal syphilis gave the fol- 
lowing percentages. The figures show the result of 61 
analyses: 



Sebum W. R. 



Positive 65, 
or 90 per 
cent. 



Fluid W. R. 



Positive 61, 
or 100 per 
cent. 



Globulin. 



Excess in 
24, or 40 
per cent. 



Plkocttobis. 



From 160 
to 1800 
per cmm. 



Fbblino'8 
Reduction. 



Four fluids did 
not reduce, poly- 
morphonuclears 
up to 260 per 
cmm. 



The absence of Fehling's reducing substance is not a 
constant accompaniment in cerebrospinal lues of any type, 
but when it is absent, this is always indicative of a very 
active exudative process. 



THE "PLAUT TYPE 



*» 



This is the negative spinal fluid type, and is the form of 
serology first described by Plant, comprising 58.2 per cent, 
of the material analyzed. This type also represents the 
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intermediary stage that the positive type must pass throi^h 
before becoming negative as a result of treatment. Despite 
the fact that the Wassermaim reaction is negative, the 
clinical intensity and the accompanying pleoeytosia may be 
as pronounced in this as in the "positive type." In discuss- 
ing the serology of tabes it was pointed out that the serologic 
and clinical manifestations are not always of the same degree 
of intensity in a patient. This holds true also for cerebro- 
spinal lues. In fact, in the study of the fluids from patients 
with this disease the most astonishing findings were en- 
countered, and the serology in some instances was the only 
clue as to the condition present. Diagnoses that were made 
previous to the serologic analysis not infrequently had to be 
reconsidered after a series of tests were made. In six in- 
stances the serologic study of the serum and fluid was re- 
sponsible for the changing of the clinical diagnosis from 
general paresis to cerebrospinal lues, the further course of 
the disease and its amenability to treatment tending to 
confirm the latter diagnosis. In one instance, that of a 
negress of twenty-eight years who suddenly became ill nine 
weeks previous to admission to the Institute, there were 
very few sensory disturbances, and the reaction of de- 
generation was present; an unquestionable serology of 
cerebrospinal sj-philis was obtained. The tentative clinical 
diagnosis before the laboratory examination was made was 
anterior poliomyelitis. The Wassermann reaction was posi- 
tive in the serum, and the cerebrospinal fluid showed 940 
cells per c.mm., with many polynuclear elements, a marked 
excess of globulin, and an absence of Fehling's reducing sub- 
stance. After this report there was no doubt that the patient 
suffered from an acute exudative sj-philitic spinal meningitis. 
Improvement followed specific medication. These instances 
emphasize the importance of performing the serologic tests 
as a routine in all neurologic manifestations. 

Of the 184 cases that furnished the material for this 
study, 107 presented the "Plant tj'pe" of serology. Eight 
cases gave no reduction of Fehling's solution, and also 
showed the presence of polynuclear elements. An analy^ 
of the serology of this tj^pe is as follows: 
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Snnni W. R. 



Positive in 
94, or 89.7 
per cent. 



Fluid W. R. 



Negative in 
107. 



Globulin. 



Excess in 
66, or 61 
per cent. 



Plkxtttobis. 



From 96 
to 1400 
cells. 



Rbduction of 
Fbhung'b. 



Absent in 8 
fluids, or in 7.4 
per cent. 



ACELLULAR TYPE 

An acellular spinal fluid is rarely encountered, but it 
must, nevertheless, be mentioned, as it illustrates a seeming 
incongruity, and presents a formula that is somewhat diffi- 
cult to explain extemporaneously. In the introductory 
remarks on cerebrospinal syphiUs mention was made of the 
pathologic changes that the nervous system undergoes in 
this disease. It was pointed out that a meningitic, a gum- 
matous, or an endarteritic process may involve the struc- 
tures. The acellular type is representative of the eiidar- 
teritic form, as it is incapable of irritating the meningeal 
structm^, as is the case with the gummatous variety; nor 
are the walls permeable to diapedesis, as in the meningitic 
form, so that a condition is present that is favorable to the 
existence of very few cells, regardless of the presence in the 
fluid of biologic and chemical evidence of syphilis. 

It must be borne in mind that the serology is not the 
result of therapy, and does not conform to the manner in 
which fluids become negative after having been positive. 
The retrogression of the positive serology after treatment 
does not take place in a haphazard fashion, but follows more 
or less definite laws, the positive fluid Wassermann reac- 
tion becomes negative long before the complete disappear- 
ance of the pleocytosis takes place. In very few instances 
have I observed the contrary, these being chiefly among 
general paretics, where, after vigorous medication^ the cells 
disappeared entirely, leaving a positive fluid and serum 
Wassermann reaction. The globulin, as a rule, is always nega- 
tive by the time the pleocytosis has entirely disappeared. 
The globulin excess without cells was described when deal- 
ing with cord compression (tumors, adhesions, spinal caries). 
The serology of the acellular type is, therefore, as follows: 
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^,... 


Plbid W. H. 


BiAatruH. 




Risonuuf or 

FlHLIMa'S. 


Poeitive. 


Positive 


Usually 1 Absent ca- 
□native. borderline 


Always prompt. 



As previously stated, this serologic form of cerebrospinal 
lues is verj' infrequent, and was ob3er\-ed in the Institute's 
laltoratory in only six patients, who gave no historj- of recent 
treatment. 



It may be said, at the verj' beginning, that the higher the 
cell count and the greater the number of polynuclear ele- 
ments, the easier it is to influence the serology and alter the 
clinical picture of cerebrospinal sj-philis b>' proper treat- 
ment. In cases in which there is an absence of Fehling's 
reducing substance the clinical result sometimes becomes 
evident on the very next day, and is closely followed by 
serologic changes for the better. 

This form of lues cerebrospinalis will show results after 
any antiluetic remedy, so far as the serology is concerned, 
and it is even possible to obtain a diminution of cells in the 
fluid simply by making a lumbar puncture and withdrawing 
some of the fluid, a procedure which not infrequently effects 
an immediate amelioration of the patient's condition; in 
some of these cases the specific treatment acts more as a 
prophylactic, and gives the organic protective forces an 
opportunity to relieve the exudate. Subsequently, when 
the body becomes more or less satiwated by the specific drug, 
the remedy will exercise its destructive properties on the 
syphilitic microorganism, and the opportunities for re-forma- 
tion of the exudate are thus minimized. The destruction of 
the spirochiptes,^at least those that may be reached by the 
drug through the patient's circulatory sjstem, — tends to 
diminish the intensity of the Wassermann reaction in the 
spinal fluid and in the serum, which, when supplied in suf- 
ficient amounts at proper intervals, may result in a more or 
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less permanent negative serologic state and more or less per- 
manent clinical cure. Of course, all that can be done is to 
relieve the active manifestations; organic tissue changes will 
not be influenced, but will remain as permanent evidences 
of the disease. When, however, the disease is detected in its 
very inciplency, which, with our modem methods, is not at 
all impossible, the timely institution of therapy will tend 
to reduce the formation of permanent tissue changes to a 
minimum, and thus prevent a crippling of the central ner- 
vous system. The "positive spinal fluid tjpe" and the 
"Plaut tj-pe" of cerebrospinal lues, which show a thousand 
or more cells to the cubic millimeter and no reduction of 
Fehling's solution, with very few clinical manifestations, are, 
from a prognostic point of view, perhaps the most gratify- 
ing cases to treat. The following are a few examples of the 
serologic course after specific treatment: 

Mrs. H., a Jewess, aged forty-two, housewife. On ac- 
count of low intellectuality and poor environment her mental 
status offered analj-tic difliculties. With the exception of 
exaggerated reflexes and a few sensory changes, no other 
signs of cerebrospinal lues existed. Serology before treat- 
ment: 



L 



1 

SEBiry W. R. Flcid W. R. 


GUIBOUN. 


P„.™^ 


lS^o'«. ' 


Stronftly j Positive. 
Positive. ■ 


Excess, 
marked. 


1680 lymph- 
ocytes; 
260 poly- 


Absent. 


An intravenous injection of salvarsan ("606") was given. 
Two weeks after the injection another analysis showed the 
following: 


Siffltju W. R, 


FujiD W. R. 


Globolhi. 




-SS.-.V' 


Positive. 


Positive. 


Mild ex- 


1240lymph- 

20 poly- 
nucleara. 


Present. 
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One week after the serologic aDalysis a dose of salvarsan 
similar to the first was administered, and the analysis, re- 
peated a week after the second injection, showed: 



r 

I 



Snim W. H. 


FLomW. H. 


GLOIULDt. 


pLKKTTOHa. 




Negative. 


FoBitive. 


Nonnal. 


480 lympho- 
cytes. 


.^p.. 



A third dose was injected three days later, which was 
followed by a serologic analysis two weeks after the ad- 
ministration of the salvarsan. This showed: 



BninlW. R. 


Fluid W. R. 


Q„.™,. 




R».c™». 


Negfttive. 


Weakly 
positive. 


Normal. 


212 lympho- 
cyteB. 


Normal. 



The mental change for the better in this patient was 
marked after the first injection; the reflexes became normal 
and the sensory changes also disappeared. The subsequent 
history of the case showed that no permanent injury to the 
central nervous system remained after the treatment, and 
the patient is now in perfect health. I believe that here 
the timely diagnosis and treatment practically prevented 
permanent injuri.' to the nervous apparatus, first, by partly 
evacuating the exudate, and, second, by preventing its re- 
formation. 

Mr. St., aged forty-seven, married, no children. Com- 
plains of intercostal pains; unable to sleep; poor memorj-; 
constipation. Physical status, exaggerated knee-jerks. 
Irregular pupils, sluggish reaction to light. Serologic analysis 
gave the following: 



SninW.R. 


Fluid W. R. 


GLO.™. 


PuKMjnnaiB. 


Rmoctioh. 


PodtiTe. 


N^ative. 


Positive. 


282 lympho- 
cytes. 


Prompt. 
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An intravenous injection of 0.6 gm. of salvarsan was given^ 
and the serologic study repeated two weeks later. This 
showed: 



Skbum W. R. 


Fluid W. R. 


Globuuv. 


PLaocTTosn. 


Rbuuci'iow. 


Positive. 


Negative. 


Narmal. 


174 lympho- 
cytes. 


Fft>mpt. 



Another injection was given as before, and the analysis 
on the serum and fluid, made one week later, showed: 



SnuM W. R. 


Fluid W. R. 


Globuum. 


PLBOCTTOfllB. 


RBDUCnOH. 


Pofiitive. 


Negative. 


Narmal. 


88 lympho- 
cytes. 


Fft>mpt. 



A third injection was given a few days after the serologic 
study, which was followed by another analysis three weeks 
later: 



RiCRUif W. R. 


Fluid W. R. 


Globuum. 


Plbocttoob. 


RBDUCnON. 


Negative. 


Negative. 


Nonnal. 


43 lympho- 
cytes. 


Normal. 



This was followed inunediately by another injection as 
before, and a serologic study undert^en one week after the 
last treatment showed: 



Sebum W. R. 


Fluid W. R. 


Globuum. 


Plbocttobm. 


Rbductiow. 


Negative. 


Negative. 


Nonnal. 


12 lympho- 
cytes. 


Narmal. 



The case just described is one of the 'Tlaut type," and al- 
though it does not present the intense meningitic phenomena 
that are at times encountered in this form of cerebrospinal 
lues, it nevertheless showed progressive improvement sero- 
logically as well as clinically. 
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A third case, originally diagnosed as general paresis, 
regardless of the laboratory report as to contrary serologic 
findings, was treated with specific remedies and showed the 
following progress. The serology before treatment was: 



a^^w.K 


F.™.W.R. 


o„.™,. 


PteoctHisw. 




PoBitive. 


Positive. 


Excess. 


148 lympho- 
cytes. 


Prompt. 


Twenty-four mercuric inunctions were given, each of 2 
grams. The analysis made three weeks after the cessation 
of treatment showed the following changes: 


Solum W. R. 


Fldid W. R. 


Gmbduk. 


P,.«oc™«. 


IU»n™o«. 


^p^^e. 


Pomtive. 


Nonnia. 


ISOIympho- 


Normal. 



After this the patient made an extended tour, and upon 
returning, three months later, was given an intravenous in- 
jection of 0.6 gm. of salvarsan intravenously, A week after 
this the change was as follows: 



BlHDM W. R. 


Fluid W. R. 






Negative. 


PtMitive. 


Normal. 


92 lympho- 
cytes. 


Normal. 



The resulting serologj' justified further specific treatment, 
and the patient thereupon received a second injection of sal- 
varsan. Two weeks after this treatment the serologic in- 
vestigation showed: 



8«.™W. R 


r...w.a 






RnUCTHIH. 


Negative. 


Negative. 


Normal. 


19 lympho- 
cytes. 


Normal. 



The readiness with which the patient's serology responded 
to the somewhat mild therapy and the clearing up of the 
clinical manifestations caused the diagnosis to be changed 
from general paresis to cerebrospinal lues, although the for- 





TRANSITION OF SEROLOGY OF CEREBROSPINAL LDES 

mer diapiosis was adhered to long after the cessation of 
active treatment. The improvement in this instance was a 
lasting one. One may say, however, that lucid intervals 
are not uncommon in general paresis; be this as it may, if we 
can obtain a lucid interval for a general paretic and prolong 
the well-being of the patient, we certainly possess valuable 
measures, particularly if the serology can help us in the selec- 
tion of the cases that will be most benefited by our efforts. 

It must be admitted that, so far as the therapy of sj-philitic 
nervous diseases is concerned, we have not, as yet, passed 
out of the experimental field, a fact that is borne out by the 
new therapeutic suggestions recorded in the medical press. 
The possibilities are verj' encouraging, and the newer meth- 
ods should be employed where the older ones have failed. 
I am referring here to the recent work of Swift and Ellis and 
others, which vnti be considered in the section on Treatment. 
Although our progress in the fields of diagnosis, prognosis, 
and treatment has been marked, the prophylactic study of 
syphilitic nervous diseases is still virgin soil. That the 
physician of the future — and let us hope of the near future — 
will be able to foretell the onset of a neurologic syphilis 
in a patient who is in the secondary or florid stage of the 
disease is only a question of time, and therapeutic measures 
that will be elaborated for the combating of neurologic lues 
will most likely diminish likewise the number of tabetics, 
paretics, and cerebrospinal sj-philities. We are almost on the 
threshold of such a possibility. At present all are engage*! in 
elaborating systems of therapeutics that will, in the short- 
est possible time, effect a change for the better, and tend to 
make this improvement as lasting as possible. Some of these 
methods are far more efficient than others, and are sure to 
gain universal recognition sooner or later. 



The contention that tabes, cerebral, spinal, or cerebro- 
spinal syphilis, and general paresis, in their very incipiency, 
cannot be distinguished from one another is a fact that must 
be admitted. It may be said that during the early stage 
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of its existence no clinical signs are to be had of any neuro- 
Ic^ic disease, although the soil for its development is already 
prepared. This, so to aay, "aclinical" lues of the nervous 
system may, even at so remote a date, show serologic evi- 
dence of its existence. Although corroborated by a few 
analyses, it may, however, serve as an interesting problem 
to be solved by the syphilographer, using the latter term in 
its broadest apphcation, i. e., one who encounters syphilis 
in all its manifestations, from the initial lesion of the dis- 
ease to the malignant form of skin s^'philis and to the 
paretic decline. If we assume that the original impetus is 
the same in aU neurologic manifestations of sj'philis, it is 
not difficult to conceive that one clinical entity may be 
transformed mto another by gradual changes so minute as 
to go unobserved by the clinician. It is my contention that 
this imperceptible clinical transition can be detected by 
proper serologic studies. 

It was mentioned in the section on "Wassermann fast" 
tabes that there the persistence of the test was considered 
as an index to the possible development, later, of a tabo- 
paresis. In a number of instances this fact was established. 
In regard to cerebrospinal syphilis or cerebral sj-philis, the 
clue to the serologic transition stage is to be found in the 
peculiarity of the cell count and in the Wassermann reac- 
tion, and at times also in the globulin excess. It will be shown 
later that 1000 cells per c.mm. is unknown in general paresis, 
and that a count of 100 is not the rule in cerebrospinal lues. 
The cell count of cerebrospinal lues is, as a rule, high; in the 
untreated patient usually more than 100. 

The therapeutic guide is the most certain differential 
point between cerebrospinal lues and the ad\ent of general 
paresis, the characteristic feature being a marked persistence 
of all serologic abnormalities in the latter. In the attempt 
to reduce the pleocytosis the therapeutist will discover that 
no matter how vigorous the treatment, the cell count rarely 
diminishes below the border-line count, the Wassermann 
persists in the serum or fluid or both, and the globulin may 
show a slight excess. Such a patient should be closely ob- 
served for the corroborating clinical manifestations of gen- 
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eral paresis, as the deterioration is sure to appear sooner or 
later. All that can be done in such a state is to employ all 
means at one's disposal in deferring the approach of the 
much dreaded outcome. 

RESUME 

The material analyzed consisted of 184 cases of clinically 
confirmed lues cerebrospinalis. Of these, 61 gave the serology 
of the "positive spinal fluid tjpe" and 107 of the "Plaut 
type." Four cases showed irregular findings, and in 12 the 
serology was negative throughout. The latter were cases 
that were treated successfully, the majority having had one 
of the two positive serologic types before treatment was in- 
stituted. The number of cases that correspond serologically 
to the "Plant type" could be materially diminished by em- 
ploying the "Auswertung's Methode" of Hauptmann, which 
consists in the use of gradually increasing quantities of cere- 
brospinal fluid for the performance of the Wassermann test. 
Where 0.2 c.c. does not give the reaction, Hauptmann ad- 
vises the use of 0.4 c.c., and so on up to 1 c.c. In my expe- 
rience the use of this method did not materially diminish 
the percentage of the "Plaut type" of cases, so that I came 
to the conclusion that this type is a biologic reality, and is 
not due to the presence of a diminished amount of antibody, 
which is presumably overcome by the Hauptmann method. 

In considering the Wassermann reaction in the serum, 
one not infrequently obtains a negative result even when the 
pleoeytosis is accompanied by polynuclear elements and only 
a slight reduction of Fehling's solution, both of which are 
factors significant of an active process in the meninges. 
The percentage of the various components of the serology 
of this disease as found by me is as follows: (o) 



Sunn W. R. 


FldidW. R. 


Globdub. 




Pomtive. 


Positive. 


ExcesH. 


160 to 1680. 



Of these 61 cases, which represent the "positive fluid 
type," 6 gave a weakly positive Wassermann reaction in the 
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serum, and only 24 fluids gave the reaction of a globulin 
excess. With these exceptions in mind, this type represents 
about 33 per cent, of the serologic findings in cerebrospinal 
syphilis. 

(b) The "Plant tjpe" gave the following numeric rela- 
tionship: 



BUDK W. R. 


FldidW. R. 


Qlobduh. 


p,^™. 


PoBitive. 


Negative. 


Ejtcess. 


96 to 1240. 



Of these 107 cases, 13 gave a weakly negative Wasser- 
mann reaction in the serum, and 41 showai no globulin 
excess in the spinal fluid. 

('■) As a result of vigorous treatment, the serology of 12 
cases showed the following: 



Siatru W. R. 


FldidW. R 


GLO.UU1. 


Plbxttosm. 


Negative. 


Negative. 


Normal. 


Normal. 



The foregoing shows that only a very insignificant number 
of cases result in a re.ititutio ad integrum so far as the 
serology in cerebrospinal lues is concerned; there is no doubt 
that with a better knowledge of therapeutic procedure the 
number of such cases will be sufficiently increased to merit a 
classification of their own, and establish a serology of the 
successful post-therapeutic t^^pe. Each serologic item con- 
sidered independently and exclusi\'e of the negative serology 
obtained after treatment gives, in my experience, the fol- 
lowing percentage relationship: 

Serum W. R.: Positive in 88.7 per cent, of cases. 

Fluid W. R.: PoBiUve in 32.7 " 

Globulin: Excess in 50.3 " " 

PleocytoHJa: Present in 96.7 " " 



The question of a pleocytosis must without exception be 
modified in cases where an endarteritic process is the factor 



in cerebrospinal syphilis. Here a normal eel) count or a 
borderline count will be found with a positive Wassermann 
reaction in the senun and fluid, and in half of the cases a 
globulin excess. The small number of positive Wassermann 
reactions in the fluid from patients with this disease will be 
received with considerable reserve by those who are ac- 
customed to work with the "Auswertung's Methode." I 
fear that the use of too large quantities of fluid will increase 
the number of cases of cerebrospinal sj^philis, so long as such 
a serology is possible without the presence of a pleocytosis, 
as is the case with lues of the brain and cord of the end- 
arteritic tj-pe. It cannot be doubted that the real positive 
fluid Wassermann will inhibit hemolysis even when used in 
such small quantities as 0,05 c.c, and it is, furthermore, my 
belief that only such a spinal fluid will receive the same 
interpretation all over the world. 

In considering the serologic changes effected by appro- 
priate treatment it is important to remember the order of 
serologic progress for the better; it is very rarely, indeed, that 
the pleocytosis disappears entirely before the Wassermann 
reaction becomes negative in the fluid. Where opportunity 
is afforded for the persistence of a positive Wassermann reac- 
tion in the fluid, as is the case where larger amounts of fluid 
are used, a positive Wassermann reaction will occasionally 
be found where the cell count has entirely disappeared. 
To have effected the disappearance of a positive Wassermann 
reaction from a fluid is a considerable achievement. If such 
a fluid becomes negative after a special method of treatment, 
and the same serologic precautions in the performance of 
the test were observed as before the treatment was insti- 
tuted, such therapeutic procedure must be regarded with 
favor. Where the \A'assermann reaction in the fluid is only 
partly positive (after the use of 0.1 or 0.8 c.c), the usefulness 
of the treatment is greatly diminished when the fluid be- 
comes negative after its application. The performance of 
serologic tests must be regarded as only a smalt wheel in the 
mechanism of clinical diagnosis, and should never be con- 
sidered except in conjunction with bedside findings. Here 
and there the laboratory diagnosis will v&ry from that 
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formulated at the bedside, and will occasionally also be 
justified in taking exception, but, as a rule, both sides 
agree in the essentials. Here and there the serology will 
give the first clue as to an impending general paresis, and 
although the clinician will not at the time find sufficient jua- 
tification for such an assumption, be will, nevertheless, be on 
guard for the appearance of suggestive symptoms. This 
phase of serologic work is only in its infancy, and as statistics 
increase it will be given wider consideration. 

The percentage of the various serologic types of cerebro- 
spinal s>-philis is as scheduled here; 

The positive spinal fiuid type — 33.1 per cent. 

The "Plavt type" — 57.6 per cent. 

The acellular type — 9.3 per cent., inclusive of those cases 
that became aceliular after treatment. 

The foregoing also comprises a few cases in wMch the Was- 
sennann reaction was positive in the fluid and negative in 
the serum. 

Cerebhal SypHn.is 

The purely cerebral distribution of the syphilitic process 
may manifest an acute or a chronic display of symptoms 
and a serology corresponding to the form of tissue change — 
meningitic, gummatous, or endarteritic. 

The serology is greatly affected by the ease with which 
the spinal fluid receives impressions from the cerebral fluid. 
If obstacles preventing proper interehange exist, some 
cerebral luetic processes may entirely escape the serologist. 
In the majority of instances, however, the meningitic forms 
give to the fluid sufficient distmctive features to suggest 
the pathologic condition at hand. The cerebral distribu- 
tion of the disease is entirely a matter of clinical differen- 
tiation. 

The gummatous form of cerebral syphilis will in so far 
affect the spinal fluid as the process is either a superficially 
situated one or one deeply embedded in tlie brain tissue. 
The superficially located gumma gives serologic changes 
secondarily only by irritating the meninges, so that we are, 
in reality, dealing with a mixed form of disease — gummatous 
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and meningitic. If the process is situated deeply, the study 
of the cerebrospinal fluid will yield little evidence. 

The purely endarteritic form of cerebral lues, like the spinal 
or cerebrospinal form, rarely gives a pleocjtosis, although 
occasionally a positive Wassermann reaction may be ob- 
tained in the fluid. 

From the clinical point of view we are dealing with the 
hemiplegic whose paralysis is due to a syphilitic cerebral 
lesion, which may occasionally be obscured by intercurrent 
acute manifestations of a hemorrhagic nature, giving in 
some instances the bloody fluid with red blood elements, in 
other cases only the dissolved coloring-matter. To this 
class belongs the erythrochromia of Mestrezat, who, as 
stated elsewhere, considers three forma of xanthochromia. 
The Wassermann reaction varies, and the same may be said 
of the globulin content. The other clinical form of cerebral 
lues is evidenced in the patient with a psychosis who not in- 
frequently presents difficulties in the making of a differential 
diagnosis between cerebral lues and general paresis. In 
many instances definite symptom groups are sufficient to 
estabhsh the correct interpretation of the disease; in others, 
again, the course of the disease sheds a light on the situation, 
but despite all these differential aids at our disposal, we are 
now and then confronted by a situation that does not lend 
itself readily to satisfactory elucidation. Here the serologic 
differentiation is at times of great value, provided, of course, 
that the technician is also an adept at interpreting sero- 
logic findings. Even then the serology may so closely 
simulate that of general paresis that, in order to establish a 
correct diagnosis, it would be necessary to subject the patient 
to a course of treatment and then carefully note the effect 
of the same on the serology. If the "Wassermann fast" 
condition is obtained, we are most likely dealing with a 
general paresis; on the other hand, if the Wassermann reac- 
tion becomes negative, it is safe to consider the case as one 
of cerebral sj-philis. 

There are cases on record in which paresis existed for a long 
time without evincing the characteristic progression that 
marks this disease, and, on the other hand, postmortem 
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findings have shown that luetic disease of the blood-vessels 
was present in subjects who presented the symptoms of 
general paresis. In our serologic methods, I am glad to say, 
we have progressed a little further regarding these confusing 
clinical entities, and where there is doubt as to the existence 
of general paresis, we can frequently clinch the diagnosis of 
this disease if we obtain a Wassermann reaction that is "fast," 
a cell count that is small, a gold curve that is characteristic, 
and frequently also a globulin excess. If the case were one 
of cerebral sj'philis, the Wassermann reaction would become 
negative comparatively easily after therapy; the cells, which 
had been present in larger numbers, would disappear; the 
globulin, if present, would also become eliminated, and 
from the beginning there would be no characteristic gold 
chlorid curve. All these factors, property interpreted, con- 
stitute to-day a valuable chapter in the clinical interpreta- 
tion of syphilitic nervous diseases. 

Spinal Sythilis 

In this condition we are now in a position to study the 
cerebrospinal fluid as it may be affected by a local spinal 
process, a condition easily detected by serologic methods. 
With milder changes in endarteritic luetic spinal processes, 
we find in the meningitic forms marked changes in the cere- 
brospinal fluid. In the gummatous variety the changes may 
also be marked, but here the fluid is not so rich in cells as in 
the meningitic variety. 

Here must be considered the spinal pachymeningitis hy- 
pertrophica on a sj'philitic basis. The serology of this form 
is slightly different from the other two varieties in that the 
globulin may at times be present in very great amounts, a 
fact which may be explained by the apparent similarity 
between marked hj-pertrophic conditions that may give rise 
to considerable cord compression, similar to that produced 
by cord tumors. The cell count is low, although not so low 
as in the endarteritic form. In the meningitic variety the 
cell count may reach into the hundreds. As to the Wasser- 
mann reaction, the same may he said of the spinal as of the 
cerebral form, in that the reaction is present in about half of 
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the cases in the fluid, and to the extent of about 75 per cent. 
in the serum, these figures not including patients having re- 
ceived treatment. 

GENERAL PARESIS 

Of all the luetic diseases that affect the nervous system, 
general paresis requires the most care from a diagnostic, 
therapeutic, and prognostic point of view. The etiolt^c 
factor has been determined beyond doubt by Noguchi, who 
demonstrated the Treponema in the brain tissue of paretics. 
The diagnostic diffieultiea, liowever, that certain forms of this 
disease offer in differentiation are by no means removed. It 
is hoped that with the aid of serologic methods this much- 
desired factor will to a certain extent be attained. Thera- 
peutically, general paresis hss been the bugbear of those who 
were called upon to treat patients so afflicted. That serology 
will point out the form of general paresis that is amenable to 
treatment, and will, besides, warn the clinician of the im- 
pending advent of this dread disease, are desiderata likely 
to be attained. 

The involvement of the brain by the Treponema pallidum 
is so peculiar as to make remedial agents of little avail in 
reaching the affected focus. Deeply placed within the brain 
tissue, the microorganism propagates, produces noxious sub- 
stances that call forth the constant formation of specific 
reagines in the body of the host, a fact evidenced bj' the 
strong positive Wassermann reaction. The secondary 
meningeal irritation is very mild, calling forth few cellular 
elements, which must be regarded as protective agents. It 
is logical to expect that in order to influence the disease, it is 
imperative that the infective agent be reached first. As this 
agent is very securely hidden in the brain tissue, rather re- 
mote from vascular channels, it is clear that more strenuous 
methods must be employed in order to check the further 
propagation as well as the concomitant formation of toxins 
by the treponema. Hence the difficulty encountered up to 
the present time in checking the disease by ordinary thera- 
peutic measures, such as are usually employed with more or 
less success in cerebrospinal lues and in exudative tabes. 
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It 18 small wonder that the prognosis from a therapeutic 
outlook in these cases was very pes^mistic. The reason 
for the failures is to be found in the fact that the remedial 
afjent did not reach the microorganisms, or that when it 
came in contact with them it was too weak to destroy the 
virus entirely, but permitted sufficient numbers of the 
infecting microdrganisms to survive to give rise to the 
propagation of a new generation of treponemse. As the 
result of the many failures that attended such efforts, they 
are rapidly becoming obsolete in the treatment of this dis- 
ease. 

The outlook at present for the successful treatment of act- 
ive Hyphilis of the central nervous system is very bright; in 
tiwt, good results are already attained in the active manifes- 
tations of tabes, the patient being relieved of the pains in a 
manner that is remarkable. These data covering this part 
of tlie tl)era])y will be considered in the section on Salvarsan 
and its Administration. 

Thb Distribution of the Treponebiia Paludum and 

ITS Detection 

The distribution of the Treponema pallidum, to quote 
NogU(*hi, is to the g>Tus rectus, frontalis, Rolandic area, 
and ill some instances to the gyrus hippocampi and in 
Anunoii's horn. The microorganisms are found in greater 
numlters in tlie cortical layers, and to a less extent in the 
nerve-tilkT xone. 

If the sei'tions are properly counterstained with toluidin 
blue or tiiionin, it can be seen that a pyramidal cell is closely 
Hurrtauuletl by one or more organisms, and in some instances 
are inserttnl even into the cytoplasm of the cell. An amor- 
|iluuis pret*ipitate may be x-isible in the vicinity of some of the 
pyrauiitlal cells; this Xoguchi believes to be an exudate. 
Thene pyramidal wUs show degenerative changes, as b 
rvidemtHi by their altered contour, J^y swelling, and by the 
tUsiipiiearHniv of their nuclei. The Treponema pallidum is 
xery rarely found in the winitj' of blood-vessels, and al- 
uKkst never within the vessel-wall. Noguchi is not certain 
timt he eni\>untered the microdrganism in the pia. 
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Fig. 19, — Khowina Trppom-mu pnlliilum (A) in Ihf rtirlcx of ti p 
who diet) o[ general purcHJs ilurinK a wiitirr, Slaiii<<*l liy a mil 
Lcvoditi. Magniticatiun llOC), (Courtciiy of Dr. II. NoKiidii.) 
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Although the technic of preparing tissue and sections for 
the study of the organism under consideration is not a sero- 
logic subject, it is so important that the author considers it 
necessary to describe the procedure in detail. 

TECHNIC OF TISSUE STAINING 

It is of the greatest importance that the tissue be com- 
pletely fixed prior to impregnation. Specimens fixed for a 
year give excellent results. 

Sections from one or more of the areas previously men- 
tioned, and which have been hardened in 10 per cent, format 
lin, a slice of material measuring from 5 to 7 mm. in thick- 
ness, and being of variable dimensions otherwise, is put into 
a mixture consisting of 10 per cent, formalin, 10 per cent, 
pyridin, 25 per cent, acetone, 25 per cent, alcohol, and 30 per 
cent, distilled water. The tissue is allowed to remain in this 
for five days at room temperature. It is then thoroughly 
washed in distilled water for twenty-four hours. It is next 
transferred to 96 per cent, alcohol for three days, and again 
thoroughly washed with distilled water for twenty-four 
hours. After thb the specimens are placed in a dark bottle, 
and receive the following treatment: 

1. In 1.5 per cent, silver nitrate solution for three days at 
37^ C. (or five days at room temperature). 

2. Wash in distilled water for several hours. 

3. Reduce in 4 per cent, pyrogallic solution, with the 
addition of 5 per cent, formalin for twenty-four hours at 
room temperature. 

4. Wash thoroughly in distilled water. 

5. Transfer to 80 pa* cent, alcohol for three days. 

6. Then transfer to 95 per cent, alcohol. 

7. Place in absolute alcohol for two days. 

8. Xylol, paraffin-xylol, paraffin. 

The tissue is now ready for sectioning, the thickness of 
the section depending upon the degree of impregnation, and 
varying with different specimens of the brain. As a rule they 
are cut 3 micra thick, but when 5 micra in thickness the 
chances for finding more numerous specimens are increased. 
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The Theory of the "Tassermann Fast" Phenomenon 

The serologic abnormity that first draws the attention of 
the laboratory worker to the initiation of a change suggestive 
of the onset of general paresis ia, theoretically speaking, con- 
temporaneous with the embedding of the treponemas in the 
brain tissue proper, having migrated by gradual stages from 
the meninges. The resulting serum analyses are, therefore, 
persistently positive, and remain so, in the nmjority of cases, 
regardless of the treatment usually administered. This ia 
most likely the condition of affairs that exists in the "Was- 
sermann fast" tabes, which, in my experience, is the serologic 
precursor of a taboparesis. It cannot be regarded as erro- 
neous to consider cerebrospinal lues, tabes, and general 
paresis as originally one disease, each exhibiting different 
peculiarities of distribution of the microorganisms. It is 
also possible that a predisposition on the part of the indi- 
vidual infected plays a rflle in the production of the particu- 
lar form of nervous yphilis, and the possible existence of 
more than one variety of treponema capable of producing 
lues must also be considered. 

The general distribution in cerebrospinal sj'philis speaks 
for the invasion of the meninges by the organisms; in general 
paresis, again, the organisms are more deeply placed; in the 
former disease the Wassermann reaction is rendered Tiegative 
with comparative ease, the virus still being intravascular; 
in the latter the virus is protected by a wall of brain tissue. 

If it were possible to attack the Treponema pallidum at 
the time when it begins to change its abode, or if tests could 
be devised for the detection of this more or less fatal transi- 
tion, then we would possess a means of warding off the paretic 
attack. That a preexisting cerebrospinal lues in some 
patients paves the way for the future development of general 
paresis was a theory advanc'ed by Charles L. Dana years 
ago, and it became incumbent on the serologist to furnish 
a reaction or a immber of reactions capable of directing the 
clinician's attention to the fact that the dangerous transition 
was at hand. 

Although not established on an absolutely sure foundation. 
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it would seem that in the behavior of the Waaserraaiin reac- 
tion, the globulin test, and the pleocytosis we have an 
index as to the possible onset of general paresis in a patient 
that may have been, and even yet is, afflicted with cerebro- 
spinal lues. This question was touched upon in the con- 
sideration of cerebrospinal sj-philis, and is to be elaborated 
here more extensively. 

Before giving the serology of tj-pical general paresis, the 
author wishes to emphasize the fact that the positive Was- 
sermann reaction in this disease is somewhat different from 
the positive Wassermann result obtained in other sj-philitic 
nervous diseases, unless they are imdergoing a transition 
stage to general paresis. As is well known, the second part 
of the Wassermann reaction consists in the hemolytic incu- 
bation. The test-tubes containing syphiHtic sera will begin 
to show a clear zone at the top of the tube, the cells gradually 
sinking to the bottom. The time required for this phe- 
nomenon to manifest itself is from ten to thirty minutes. 
Those who are accustomed to read Wassermann end-results 
will note that the sinking of the cells to the bottom takes 
place much sooner in some tubes than in others; In some 
cases this may consume even one hour or more. The tubes 
that show this early sedimentation are, as aTuIe, those con- 
taining sera from "patients with general paresis. If the test- 
tube racks are gently removed from the incubator without 
the least shaking of the tube contents, it will be observed 
that the sera of general paretics show a lateral constrie 
tion, similar in conformation to two parenthesis signs 
placed with their convexities toward each other, — ){, — ^the 
sides being entirely clear, and the top and bottom fiuids 
being opaque and of an old-rose color. Not the shghtest 
trace of free hemoglobin is to be detected in the fluid after 
twenty-four hours' standing, the supernatant liquid being 
of the transparenc\' and color of clear water. In the vast 
majority of instances this will be the case when the serum 
is that from a patient with general paresis. It was pre- 
viously emphasized that the cell count in cerebrospinal 
syphilis numbers, as a nile, over 100 cells per c.mm.; later 
we shall see that the pleocjtosis in general paresis is only 
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very exceptionally above 100, and presents, in the majority 
of instances, less than 60 cells per cmm. 

In the course of treatment of a case of lues cerebrospinalis 
the serologic return to a more or less normal state follows 
certain well-defined paths, unless the patient shows a tend- 
ency toward the development of general paresis. Thb 
tendency is manifested by a marked faU in the cell 
count as a result of the treatment, but the Wassermann 
reaction remains uninfluenced. WHben the Wassermann 
reaction persists, and besides shows the peculiarity pre- 
viously spoken of, the serologic evidence that the transition 
from cerebrospinal lues to general paresis is about to take 
place is at hand. The persistence may be either in the 
serum or fluid, and the latter may or may not show the 
reaction of a globulin excess. These serologic manifesta- 
tions need not go hand in hand with the clinical evidences; 
on the contrary, many months may elapse before clinical 
corroboration establishing the justice of the laboratory's 
contention can be adduced. In one instance that came to 
the author's notice the paretic manifestations became 
apparent three years after the opinion had been advanced 
by the serologist. 

The early recognition of the transitory stage, if it may 
be so termed, is much more important now than it was 
before the era of modem therapeutics, for the reason that 
it is sometimes possible, with the proper use of newer reme- 
dial agents, to check the further advance of the disease. 

The* Serology of the Full-fledged Type 

Under this head are included those cases that gave clinical 
evidence of the existence of paresis and some in whom the 
diagnosis was made only after the serologic report had been 
presented. Before the serology was submitted in these cases 
the diagnosis rested between cerebrospinal lues, cerebral 
syphilis, and arteriosclerosis. 

This type of serology was encountered in 120 out of 261 
cases of general paresis, and presented all the serologic char- 
acteristics mentioned in the introductory remarks. The 
findings were as follows: 



OTHEB 8EBOLOOIC COMBINATIONS 



179 



RiEBUii W. R. Fluid W. R. 


Globuun. 


PUBOCTT08I8. 


Rbduction. 


Poflitive. 


Positive. 


E^xcess. 


17 to 50. 


Prompt. 



The pleocytosis of this type, together with the intensely 
positive Wassermann reaction and the globulin excess, is 
typical of the condition. On very rare occasions only is this 
picture present in a case of tabes, and when such is the 
case, it becomes the physician's duty to employ strenuous 
methods to overcome this type of serology, as it means, very 
often, a tendency toward the development of a general 

paresb. 

Other Serologic Combinations 

In a number of patients, 63 in all, the cell count ranged 
from 62 to 78 per c.mm. Some of these patients received 
vigorous treatment and showed some improvement as a 
result. In 29 others the serology was somewhat different, 
and may for the time be considered as of a type that is less 
pernicious than is the full-fledged type just considered. 



Rbrxtii W. R. 


Fluid W. R. 


Qlobttun. 


PUBOCTTOOS. 


Rbduction. 


Positive. 


Negative. 


E^xcess. 


65 to 80. 


Prompt. 



The serology here outlined resembles slightly that which 
one might expect to find in a case of cerebrospinal syphilis of 
the Plant type after a course of treatment. It is more often 
the case, however, that during the course of treatment the 
serum Wassermann becomes negative before the fluid Was- 
sermann reaction, particularly when the cells in the fluid 
show a marked reduction in numbers. In addition to the 
apparent resemblance of the serology of cerebrospinal 
syphilis to the Plant type, the French school (Marie) be- 
lieves that the very indpiency of the paretic serology mani- 
fests itself in a picture analogous to that of the 29 cases 
above cited, {. e., the serum is positive and the fluid nega- 
tive. The French, however, do not consider that the upper 
limit of the pleocytosis is also of significance, a point 
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that must be remembered in determining the logical con- 
struction of a transitory' serology from the one disease to the 
other. This French opinion will be dwelt on more fully 
further on. It should be borne in mind that the negative 
Wassermann reaction in a patient's cerebrospinal fluid with 
clinical e\'idence of general paresis removes it, so far as the 
serologic interpretation is concerned, from the full-fledged 
tjpe of the disease. Even if the French teaching is true only 
in part, it nevertheless holds out some hope to the paretic 
who presents the so-called early tjpe serology', which may 
be regarded, following Dana's reasoning, as the transition 
from a cerebrospinal syphilis. This form of serology may, 
therefore, be considered as favorable for the emplojTnent 
of therapeutic measures, a contention that was corrobo- 
rated by the improvement that followed treatment of cases 
presenting this tj-pe of serol<^\ The developments in the 
treatment of nerx'ous diseases of syphilitic origin are so 
promising at the present time that great hope is aitertained 
as to the ability*, in the future, of warding off indefinitely 
the fatal paretic deterioration. Of this, more will be ad- 
duced in the section on Salvarsan and its Administration. 

The attitude of Plant, in his book on 'The Wassermann 
Seio-diagnosis of Syphilis in its Application to Psychiatry*," 
b ver>' significant in connection with the stand taken by the 
author. On page S6 of the American translation of 1911 
Plant is quoteil as sa^-ing that one does not go too far in 
accepting as tnie the statement that paretics, at the time 
of onset of the disease, are still s\philitics; these conclusions 
being based on the fact that in so far as the intensity of the 
Wassermann reaction is concwned in the serrmi. these 
patients manifest the same symptoms as patients in the 
florid stage of syphilis, and differ clearl\" from those in the 
latent tertiar>" stage. The i^irase *'at the time of onset" 
is vw^- significant, at least it appears so to the author, for 
it is at this time that the Wassermann reaction is ver>" 
strongly- positive in the serum, and ma>- not show a positive 
resuh in the cerebrospinal fluid at aU — a fact that links 
mote ck>eel\* together the interrelatioaship of the serolo^* of 
general paresis and cefebfospinal s^'philis, partkularl>~ the 
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type described by Plaut. Besides the type of serology that 
gives a negative Wassermann reaction in the cerebrospinal 
fluid there is another that, similarly, does not show a globulin 
excess, as may be seen from the following table: 



SsRUii W. R. 


Fluid W. R. 


Globulin. 


Plkocttosis. 


RsDucnoN. 


Positive. 


Negative. 


Negative. 


30 to 83. 


Prompt. 



This serology was obtained in 25 cases, and it was deemed 
better to consider two patients as in the transition stage 
from cerebrospinal syphilis to general paresis. These two 
cases showed 81 and 83 lymphocytes respectively, and 
reacted very favorably, both clinically and serologically, to 
treatment. The cell count diminished markedly, the Was- 
sermann reaction became negative after three months of 
therapy, and the patients were able to resume their vocations, 
reporting regularly every three months for serologic analysis. 

Another combination of serologic findings must be re- 
ported, as these cases exemplify the French type of the 
advanced disease: 



Sbrum W. R. 


Fluid W. R 


Globulin. 


Plbocttobu. 


Rbduction. 


Negative. 


Positive. 


Positive. 


15 to 29. 


Prompt. 



This serologic study disproves the contention that general 
paresis always gives a positive serum Wassermann reaction. 
This form of serology most frequently occurs in the later 
stages of the disease, and is encountered most often during 
the paretic decline, in patients who are affiicted with bed- 
sores and whose mentality is entirely shattered. 

Plaut observed eight cases with very slight pleocytosis and 
a serology similar to that described among the serum nega- 
tive findings elsewhere. In the author's experience only 
14 such serologic findings were obtained, but Plant's series 
is introduced here chiefly to point out his contention 
that 5 out of his 8 patients were, in his opinion, cases of 
beginning paresis; on the other hand, the same worker 
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describes one of the cases that at autopsy proved to be an 
ordinary case of advanced paresis. Later he makes the as- 
sertion that he has observed enough cases of beginning 
paresis with a very decided cellidar increase. This latter 
view is entirely in accord with our findings at the Institute, 
t. e., that a decided pleocytosis marks the early paretic; a 
slight pleocytosis and a negative serum Wassermann, on 
the other hand, in the majority of instances are significant 
of the advanced form. The full-fledged type expresses the 
serology of the fully developed form of the disease as found 
in the greater number of cases. The last form of serology 
to be described will seem almost an impossibility to those who 
have worked with serologic methods that tend to make 
the Wasserman reaction more sensitive, as the findings are 
entirely negative: 



Haiiuu W. U. 


Fluid W. R. 


Qlobuun. 


PuBOcnosn. 


Rbduction. 


Negative. 


Negative. 


Normal. 


5 to 11. 


Prompt. 



A computation of the percentage of the various serologic 
posibilities will show that this form is the one least likely to 
occur, and the 10 cases collected that presented this serology 
include 3 who received ver>' strenuous treatment, each 
having had over 18 intravenous injections of salvarsan. 
These patients improved after the first ten to twelve injec- 
tions, so that it was thought ad\isable to push the treatment 
until the serology' would become negative. The foregoing 
findings show the result of the treatment, these being prac- 
tically normal. The serology of the remaining 7 does not 
give any particular exndence, but serves to emphasize the 
previous contention that one is not justified in making rules 
that are hard and fast and that permit of no exceptions. 
There is only one uncontro\'ertible rule, and that is that a 
positive serology- is not compatible with a ner\'ous disease 
of non-luetic origin; on the other hand, a negative serology' 
may be obtained in a syphilitic ner\'ous disease. In general 
paresis the various serologic ccMnbinations showed the fol- 
loi^dng proportions: 
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PoflitiTB. 


PoeitivB. 


Positive. 


Positive. 


Negative. 


Negative. 


Fluid W.R... 


Positive. 


Positive. 


NegaUve. 


Negative. 


Positive. 


Negative. 


Globulin .... 


Ezoeat. 


Excess. 


Excess. 


NormaL 


Excess. 


Normal. 


PleooytosiB .. 


17 to 50. 


62 to 78. 


65 to 80. 


30 to 83. 


16 to 29. 


6 to 11. 


Reduction.. . 


Prompt. 


Prompt. 


Prompt. 


Prompt. 


Prompt. 


Prompt. 




120oa8es, 


63 oases. 


29 cases. 


25 cases. 


14 cases. 


10 oases. 




or 46 


or 24 


or 11 


or 9.6 


or 5.3 


or 8.8 




percent. 


percent. 


percent. 


percent. 


per cent. 


percent. 



The French Conception of Serologic Progression 

Marie and his pupik formulated a series of reactions as 
exhibited by the disease in its various stages. These workers 
obtained different serologic results in the beginning of the 
disease, these differing also from the analyses obtained in 
cases in which the disease was .fully developed and during 
its decline. Although other workers, including the author, 
could not corroborate Marie's finding in every instance, 
it must nevertheless be accepted as an established fact, 
although in some instances contrary results were obtained. 
Of the patients whose serology is shown in the foregoing 
table, some of the 29 in the third column were in a moribund 
condition, and one of the 14 in the fifth group showed clinical 
signs of the very earliest advent of the disease. The facts 
tiJcen together, making allowance for exceptions that all 
laboratory data are entitled to, present a guide that can be 
accepted for occasional use in the classification of the stage 
of the disease. Discrepancies will naturally be encoimtered, 
but this is no argument for disregarding the very interesting 
and useful observations of the French investigators. The 
serologic progression from the early stage of the disease to 
its final deterioration is as follows: 



Serum W.R. 
Fluid W.R. . 



Incxpixnt Staob. 



Positive. 
Negative. 



FuiiLT Dkyblopsd. 



Positive. 



« 



Pabetxc DacLDra. 



Negative. 
Positive. 



The globulin content, pleocytosis, and the reducing power 
were not considered in the studies; at least no special sig- 
nificance was attached to them. If we were permitted to 
formulate a serologic succession of events from the material 
analyzed by the author, the following arrangement of the 
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entire serologic chart, taking into account the work of 
Marie as well, would give the following result: 





I«™«™8,«,. 


FniiTDmraiFK.. 


Pjiitrac DKnon. 


Serum W. R 

Fluid W.R 


Positive. 

Negative. 
Excees or not. 

More than 60. 
Pronipt. 


Poflitive. 
PoHitive. 
Exceiis. 

80 or leas. 
Prompt. 


Negative. 
Poeitive. 
Frequently 






Prompt. 





Although when these obsenations are given considerable 
latitude they are useful, when viewed critically they will 
furnish sufficient grounds for argument, as many exceptions 
to the formuJEe here laid down will be found. The number 
of cells per c.min. alone will give rise to much speculation, 
as some observers will claim that in a certain patient more 
than 100 and even 200 cells were counted in the spinal 
fluid. All these exceptions must be admitted, although the 
serologist who has had sufficient neurologic training will 
perhaps question the genuineness of a general paresis that 
exhibited over 200 cells per c.mm. in the cerebrospinal fluid. 
Nevertheless, such cases are seen, just as scarlet fever with- 
out a rasli is occasionally encountered, or as typhoid bacilli 
may occur in the blood-stream without giving rise to the 
disease. In the greatest majority of cases, however, these 
findings will hold good and prove of the greatest utility to 
the chnician. 

The gold Chlorid Curve 

Since the studies of Lanjjc concerning the significance of 
the precipitation (Au98ockung) of colloidal gold in the 
cerebrospinal fluid of syphilitic patients, a few papers have 
appeared in America, all attaching great diagnostic signifi- 
cance to the appearance of the reaction. 

In the experiments undertaken at the Neurological Insti- 
tute it became apparent that although no great amount of 
specificity could be placed on the precipitation in all cases 
of neurologic lues, a definite reaction, however, could be ob- 
served in paresis and in some cases of tabo-paresis. The tech- 
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nic of the test was described in the first part of this volume, 
but it is deemed advisable to describe here the meaning 
of the curve and the color changes, as well as the dilutions. 

The color of the gold solution, as stated elsewhere, is a 
deep red without the least trace of brown. From 9 to 12 
tubes of various dilutions of cerebrospinal fluid, from 1 : 10 to 
1 : 2560 or more are prepared. The red gold is placed in 
each tube, and permitted to remain at room temperature 
over night. The next morning some tubes will show definite 
color changes, which are designated as follows: 

Complete precipitation showing a water-clear, colorlees fluid equals. . 5 

The slightest tinge of a steel gray is designated as 4 

A somewhat deeper shade than the above or bluish tinge as 3 

A reddish blue or bluish red as 2 

A red color, slightly different from the original color, as 1 

No change in color as 

The numbers are arranged from 5 down to 0; the dilu- 
tions are arranged from left to right, starting with the 1 : 10 
tube. 

An absolutely negative curve would present the following 
characters: 

5 

4 
3 
Z 
1 

• • • 

ooo 

oo<DCM 

2Si 
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The curve obtained with spinal fluids from patients 
with general paresis presented the following general appear- 
ance in the majority of instances: 



s . . 

§ 
s 

2 
1 
^ * ■ ■ « ' ■ 
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From the previous explanatory remarks, it will be seen that 
there was no change in the first curve from the original color 
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of the colloidal gold, which is a rich red in every tube; the 
curve obtained in general paresis, however, presented an ab- 
solutely dear series of three tubes in the first three dilutions; 
then a drop to 0, or no color change. This drop and the 
general resemblance to a step or series of steps suggested the 
name "step-ladder curve," by which term this particular form 
of precipitation of the colloidal gold is known in the author's 
laboratory. Although very suggestive of general paresis, 
it is not to be regarded as characteristic without consider- 
ing the other accompanying features of the serology of this 
disease. Emphasis must, however, be placed on the fact 
that up to the present this curve has been very constantly 
found in this syphilitic nervous disorder. The intensity 
of the positive Wassermann and the other serologic findings, 
and, especially, the clinical corroboration that is always 
to be had when the fluid gives this reaction, make this curve 
one of the most important aids in formulating a diagnosis 
of general paresis. It is also demonstrable in the majority of 
cases of tabo-paresis, and, like the other findings, is not 
easily affected by therapy. 

The curve was also obtained in a case of multiple sclerosis, 
while in six others it was absent. In cerebrospinal lues the 
curve does not show the uninterrupted series of colorless 
tubes in the first dilutions, but displays a rise, then a fall, 
and then another rise, so that the continuous feature is not 
observed. The following may serve as an example of such 
a curve: 




At present sufiicient results are not at hand to justify the 
contention that a diagnosis of syphilis of the nervous system 
can be made after securing the colloidal gold reaction. In 
the author's experience paresis and tabo-paresis give char- 
acteristic precipitations with gold chlorid, in that the first 
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one, two, or more tubes, i. e., in the greater concentrations, 
show complete precipitation of colloidal gold, as evidenced 
by the clear color of the fluid in these tubes. 

A change in the curve is but rarely apparent after treat- 
ing a patient with general paresis, but as the observations are 
not extensive enough, the effects of therapy on the gold 
chlorid curve cannot be definitely stated at present. It will 
be of interest to observe a niunber of "step-ladder" curves 
as obtained with the fluids from patients with general paresis, 
and also to describe the other reactions employed in this 
syphilitic neurologic disorder. The curves from tabetics, 
tabo-paretics, and cerebrospinal syphilis patients will also 
be presented below. The dilutions will be represented by 
figures, so that 1 will represent a dilution of -^, 2 one of ^ 
3 one of ^\, 4 one of ^, 5 one of yjo* 6 one of ,^^, 7 one oJf 
yj^, etc. The changes in color will be expressed by the 
numbers 5 to 0, as previously explained. The serum Was- 
sermann reaction will be abbreviated to S. W.; the fluid 
Wassermann, to F. W. ; globulin, to Gl. ; and the cell content 
will be given imder PI. (pleocytosis). In a number of cases 
the amino-nitrogen content of the serum will also be given, 
expressed in milligrams of nitrogen per 100 c.c. of serum, 
for the significance of which the reader is referred to the 
section on this subject. 

GOLD CHLORID REACTION IN GENERAL PARESIS 
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The contrast between the genuine general paresis gold 
precipitation and the reactions obtained in the other syph- 
ilitic diseases of the nervous system, at least as observed in 
the laboratory of the Neurological Institute, will reveal at a 
glance the importance of these tests. There are, of course, 
exceptions, in that some paretics do not react in the char- 
acteristic manner, but these cases are few, comprising less 
than 10 per cent, of those analyzed. Only one case of 
cerebrospinal lues and one of multiple sclerosis gave this 
curve. In the former over 500 lymphocytes per c.nun. were 
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obtained, which, in the author's opinion, is quite sufficient 
to exclude general paresis, and, so far as multiple sclerosis 
is concerned, the author believes that one is rarely called 
upon to decide between this disease and general paresis, 
so that the curve obtained will not, and in the given instance 
did not, influence the diagnosis of multiple sclerosis in the 
least. 

The precipitation in tabes shows, in the majority of in- 
stances, the following curves: 
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The advent of paresis or tabo-paresis is represented by a 
curve that is very suggestive of the general paresis curve, 
being another corroborative biologic phenomenon in favor 
of the earlier appearance of laboratory signs in the very be- 
diming of paresis rather than the development of clinical 
symptoms. 
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In cerebrospinal lues the cur\'e is also quite different from 
the general paresis "step-ladder" appearance. 
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The opinion of Lange and of those who followed him in 
experimenting with fluids from patients with syphilitic 
affections of the nervous system, that there is a specific pre- 
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cipitation of the colloidal gold In cerebrospinal fluids from 
such patients, must, as the result of Dr. McCIelland's and 
of the author's experience, be modified considerably before 
it can be accepted in toto. The curve does not depend upon 
the protein content of the cerebrospinal fluid, as some fluids 
without an excess showed the curve and some with a very 
marked excess gave no curve whatever, A similar result waa 
obtained with tabetics who gave no reaction of an excess, 
and also with patients with cord tumors, who showed the 
presence of a marked protein excess. The rai^on d'etre of 
the reaction must remain in abeyance for the present, as 
no satisfactory explanation has been offered to cover all the 
peculiarities of the test. 

The Serologic Diffebentiation Between Lues CEREBRa 

SPINALIS AND CENEKAL PARESIS 

As the result of a wide experience with neurologic mate- 
rial, coupled with the services of a serologic laboratory, 
Nonne made the attempt to differentiate, serologically, 
between the two diseases— cerebrospinal lues and genera! 
paresis — that at times present difficulties to the clinician. 
His serologic analysis of the two diseases is as follows; 

PaBUIH oh TlBO-FIBCSia. ClMBBOSPlHAL SlTBIUa. 

Serum WaBsennonn positive (in 
nearly SO to 90 per cent.). 
Spinal pressure often in- 
creased. 

Phaee 1 only exceptionally ab- 

LymphocytosiR, like phase 1, u£u- 
ally present. 

WasBermann reaction positive in 
about 10 per cent, of fluids, 
usin^ 0.2 e.c. 

Using larger amount* — nearly al- 
ways plus. 



Somn WaBsennann positive {in 
almost 100 per cent.). Spinal 
pressvire frequently increased. 

Phase 1 positive (in nearly 95 to 

1(K) per cent.). 
Lymphocytosis (in nearly 95 per 

Waaeermann reaction in fluid posi- 
tive in about 85 to 90 per 
* ~ 2 c.c. 

it9— pluB in 100 



cent., usinK 
Using larger amc 






This attempted differentiation between general paresis 
and cerebrospinal syphilis, as offered by the eminent German 
worker, falls short of its purpose. Upon close analysis of 
Nonne's table, one is at a loss to determine upon what spedal 
feature in either disease he places the greatest reliance. 
In both conditions the blood-serum is verj" rarely negative 
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to the Wassermann test. The same is true of the spinal fluid. 
The phase 1 is present in one to the extent of 100 per cent., 
and in the other it is only exceptionally absent. The same 
is true of the lymphocytosis. The only possible differentiat- 
ing feature is obtained when but 0.2 c.c. of spinal fluid is 
used in testing for the Wassermann reaction, for then it 
will be obtained in almost 90 per cent, of cases of general 
paresis, and in only 10 per cent, of those of cerebrospinal 
syphilis, a feature that is obliterated when using larger 
quantities. 

If the clinician should be compelled to seek the laboratory's 
aid in clearing up a difficult case of neurologic syphilis, and 
particularly if he sought to differentiate between general 
paresis and cerebrospinal syphilis, the author is convinced 
that very little help, if any, would be obtained from the 
table just given. The points of difference, as they appear 
from an analysis of the material collected in this exposition 
of the subject, would be as follows, not including cases that 
were treated with specific remedies: 

UNTREATED CASES OF 



Qbnkul Pabbsib. 

Serum Wassermaim plus in 90.0 

rr cent. 
Wassermann plus in 75.3 
per cent., using from 0.2 to 
0.5 c.c. 

Globulin excess in 86.7 per cent. 

Pleocjrtosis, as a rule, less than 100 
cells per c.mm., and obtained 
in 96.2 per cent, of cases. 

FehHng reduction prompt in 100 
per cent. 

"Step-ladder" gold curve ob- 
tained in over 90 per cent, of 
cases. 



CraUEBBOBPIHAL StPHIUB. 

Plus in 88.7 per cent. 
Plus in 32.7 per cent. 

Excess in 50.3 per cent. 

Pleocytosis usually more than 100 
per c.mm., and present in 
96.7 per cent, of cases. 

Sometimes absent. 

Present in less than 5 per cent, oi 
cases. 



Juvenile Paresis 

The occurrence of juvenile paresis, which must be con- 
sidered as a disease produced by syphilis in the parents, 
disposes, in the great majority of instances, of the possi- 
bility conceived by some workers that, for the production 
of this disease, a special variety of the Treponema pallidimi 
is necessary. In the cases observed and reported upon by 
Plant no luetic parental data could be obtained. That 
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Huch imreiitH may have had syphilis in some form that was 
kt^pt fnun obHervatioa as the result of proper treatment is 
poHHible, but this is not the c*ase with paresis, which is sooner 
or latter UiaKuoMHl with aci*uraey and easily elicited from 
Xh» aiuftmueHi.H. hi other wonls, juvenile paresis is not neces- 
sarily depeiuleut u|H>n the existence of paresis in the parents, 
but HUiy be the result of any variety of syphilis, whether 
VttiH^uUr, visi'eral, or osseous. 

'rhe fi>lU>wiiiK caj^e is that of a youth of twenty, an errand 
boy, boru in the United States. He was brought to the 
luNtitute on ac^count of trouble with his eyes : 

l^vvioua lliiftory, — One of five children, who are all 
hoalthy. A brother next older to the patient is a periodic 
drinker. Patient went to school at five, but did not progress 
Wi>ll. When about six he began to play truant. In his 
ninth year the patient complained of an inability to see 
lU'int or to write. Began to smoke cigars at ten, and left 
m^hiHkl at thirteen. Associated with men of questionable 
vhurui*ter. I lis father having been in the liquor business, 
X\\v Ih\y bt^gan to use alcoholics to an inordinate degree. His 
t^J't^-Jiight kept getting worse. When examined physically 
ht» tthuwed no pupillary response to light; right pupil very 
iriH^ular. Corneal sensibility reduced in both eyes; mobility 
normal; no iv>'stagmus; no diplopia. Vision R., no percep- 
liim; li., 1^0* Fimdi, simple optic ner\'e atrophy, more 
umrkiHl in right. Mentality that of a boy of nine (Binet 
U*J4tV i'annot rt^jx^at test sentences correctly. Station nor- 
nml; Hivine tremor of upper extremities; apparent ataxia of 
k^wvr extr^Huities, When told to perform certain acts, 
\Jtvn \\\\\ the opjH^te. Complete phar^Tigeal anesthesia. 
No tr^nuor of tongue. Abilominal and epigastric reflexes 
|U\VH^nt and eiiual. Knee-jerks elicited with difficulty. 
Wwu* lUantar re*|H>nse- The changes in the reflexes are 
not aiwun^ianitx) by an>* paHe$« sudi as nught be present in 
a nmUiiJo neuritis, Twth show Hutchinsonian charac- 
tvriiitica. Wnal asymiuetry. 

'IHiw ca5*e. ahhiHi^h v^ivsisiting distinct irregularities. 
\\a:i, WiKUi the strength \>( the «HrvJogic report, diagnosed as 
\uw vvf jxiwHuW i^rwtb. He gave a positive serum and fluid 
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Wassennann, an excess of globulin, and 8 cells per c.mm., 
together with a typical gold chlorid curve. (See Mr. Hur 
under Gold Chlorid Test.) The assurance the physician 
receives from such an analysis is self-evident, and removes 
all doubt from his mind as to the underlying cause of the 
disease. This patient emphatically denied all knowledge of 
an infection. The patient's mother shows diminished in- 
telligence, has pupils that do not react to light, and gave a 
positive Wassermann reaction in the serum. 

The Influence of Therapy on the Serology of 

GENERAL Paresis 

This subject is discussed not so much with the purpose 
of showing what improvement can be accomplished clinically 
in this disease, — a subject that will be presented in a subse- 
quent part of this volume, — ^but, rather, for the purpose of 
showing to what extent one can change the serology or 
render a positive Wassermann negative by instituting 
strenuous therapeutic measures. A careful study of the 
"Wassermann fast" quality of general paresis will shed a 
great deal of light upon the conception of the serologic 
progression of a syphilitic disorder from cerebrospinal 
lues or tabes to general paresis. Bearing in mind the Dar- 
winian dictum that " Naiura rum faeit solium" it is incum- 
bent upon the physician to regard as important the "Was- 
sermann fast" quality of his patient's serum. Even though 
the patient may at this time show no clinical manifestations 
of the disease, such as speech, memory, or character defects, 
the serum, nevertheless, takes on a peculiarity that is present 
most strikingly in general paresis. This similarity is in 
itself sufficient to warrant placing the patient under rigid 
observation and treatment; in other words, it is the phys- 
ician's duty to overcome as quickly as possible the "Was- 
sermann fast" tendency of the patient's serum. It is the 
author's conviction that the treatment that is capable of 
overcoming a positive Wassermann reaction in the fluid and 
serum is much more valuable and of greater significance to 
the patient than is the complete removal of the pleocytosis. 
The latter is only a sign of meningeal irritation, whereas the 

13 
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former is ''the writing on the wall'' that will sooner or later 
claim its victim. Timely and vigorous interference may 
in some instances averts or at least postpone, the danger. 

Patient O. presented before treatment the following 
aerology: 



flmuM W. R. 


Flotd W. R. 


Globulin. 


Plbocttoou. 


RiDucnoN. 


Pofiitive. 


Pofiitive. 


Pofiitive. 


11 oellH. 


Prompt. 



Upon receiving this report treatment was instituted, and 
0.6 gm. salvarsan was administered intravenously. The 
serology obtained five weeks later showed: 



SnuM W. R. 


Flttid W. R. 


Globulin. 


PUBOCTTOBIB. 


Reduction. 


Positive. 


Positive. 


Pofiitive. 


11 cells. 


Prompt. 



A similar dose of salvarsan was administered one week 
after the last serologic examination, and another serologic 
analysis made after two weeks. This showed: 



Sbbum W. R. 


Fluid W. R. 


Globulin. 


Plbocttosib. 


RsDucnoN. 


Pofiitive. 


Pofiitive. 


Positive. 


10 cells. 


Prompt. 


A third intravenous injection, given immediately after 
the performance of the tests, followed by a serologic study 
one week after the treatment, gave: 


Sbbum W. R. 


Fluid W. R. 


Globulin. 


Plxocttobib. 


RxDucnoN. 


Weakly 
positive. 


Pofiitive. 


Positive. 


7 cells. 


Prompt. 



Despite the normal cell coimt obtained in the fluid, the 
treatment cannot be considered successful, as enough 
factors still exist in the patient's body to supply sufficient 
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''reagins" for the persistence of the positive Wassennann 
in the fluid and to a lesser extent in the serum. 

With the ordinary methods of introducing salvarsan into 
the system, and with the present dosage, nmnber of injec- 
tions, and duration of treatment-free intervals, the disease 
process still continues its progress unabated, as is shown by 
the persistent Wassennann. The forgoing serologic study 
is only one of many in which approximately the same result 
as the one cited was obtained. G)nceming the different 
methods of treating this malady, the reader is referred 
to the section on Treatment. 

Resume and Remarks 

An analysis of the serology of general paresis conveys the 
impression that of all syphilitic diseases of the central ner- 
vous system, this disease, when it does present a positive 
Wassennann in the serum in particular, and in thespinal 
fluid, to a lesser extent, will give the reaction in its greatest 
intensity. It also possesses the quality that has been termed 
''Wassennann fast," in that it is very difficult to secure a 
negative result by means of treatment. This peculiarity is 
occasionally present also in the other syphilitic diseases of 
the nervous system, and when it occurs, is to be considered 
as a ''Signum mdi (minUr The transition from cerebro- 
spinal lues to general paresis is preceded by the ''Wassennann 
fast" reaction, and the same is true also of the transition or 
the advent of a tabo-paresis. The decrease in the niunber 
of cells in a case of cerebrospinal syphilis, without influenc- 
ing the positive serum Wassennann, bears out the concep- 
tion of Marie of the serology of general paresis in its early 
stage, particularly when ushered in with a cerebrospinal 
lues of the "Plant type." 

In the light of modem research serologic methods permit 
us to differentiate between cerebrospinal lues and general 
paresis, provided the typical serology is obtained where the 
clinical opinion is imcertain. Where the serology is dubious, 
as it not infrequently is, a waiting policy is best, or therapy 
may be instituted regardless of the uncertainty that exists as 
to the final diagnosis. Treatment may, in fact, help consider- 
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ably in deciding for one or the other disease, as was sug- 
gested on a previous page. It is not at all difficult to ascer- 
tain the cause for a persistent Wassennann reaction in a 
paretic patient. If we regard the luetic process from the 
locality affected, we will see that in general paresis the 
amount of protection given to the Treponema pallidum is 
much greater than in the other syphilitic diseases of the ner- 
vous system. If the process is situated in the cerebral 
cortex proper drugs injected into the veins will have little 
chance of reaching the walled-in, inaccessible microorgan- 
isms; hence the formation of necessarj- reagins for the 
existence of a positive Wassermann is ideal and almost 
constant. 

The process that permits the appearance of a "Wasser- 
mann fast" state may be regarded as a migration of the 
treponema from accessible to deeper, inaccessible brain 
portions, establishing a depot for reagins, and forming the 
histologic nucleus for a future general paresis. How long 
a time a "Wassermann fast" state must exist before clinical 
features of the disease manifest themselves, or, expressing 
the hj-pothesis in its histologic equivalent, how much of 
the brain substance must be involved before paretic symp- 
toms present themselves, is a problem worthy of investiga- 
tion. 

It may safely be predicted that the gold chlorid curve 
("step-ladder curve") will occupy a prominent place in the 
detection of the foregoing tendency, as evidenced by the 
presence of this reaction in tabo-paresis. It is not char- 
acteristic of syphilis of the nervous sjstem in general, but 
is verj' constanth' present in general paresis. Tabes does 
not give it and neither does cerebrospinal lues. 

In the study of psychiatric material one is frequently called 
upon to differentiate between post-traumatic psychosis and 
general paresis. In these cases one must consider the pos- 
sible coexistence of a visceral lues, a fact which should not 
confuse the investigator. If the fluid is negative, the chances 
are against the diagnosis of general paresis, although nega- 
tive fluids are not impossible in general paresis. If doubt 
exists, the gold chlorid is made use of, which would, in the 
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majority of instances, decide the diagnosis; if, however, this 
proves unsatisfactory, then the resistence to therapy of the 
positive serum Wassermann should be taken into account. 
With our present development of serologic methods, it is 
hardly possible to err in tiie exclusion of a non-luetic disease 
of the nervous system. 

In the alcoholic psychosis (pseudoparesis) one finds no 
difficulty in differentiating the condition from general paresis, 
and the same is true of the manic-depressive psychosis. 
Some paranoid forms of general paresis may give rise to 
confusion, although the interpretation is not difficult. 

The Serology of Early Lues and its Significance 

Frequent mention was made, on previous pages, of the 
early involvement of the nervous system by the syphilitic 
process. It is not at all a rash statement to make that in 
many cases the Treponema paUidimi is present in the 
vicinity of the brain and cord at as early a date as is the 
ulcus durum. This fact has been brought out by many 
clinical observers, among the earliest being Ravaut. Plant 
mentions the fact that he observed a syphilitic cerebral 
meningitis in a patient whose initial lesion had not yet 
healed. The autopsy showed a nodular syphilitic meningitis 
limited to the base. The serum of this patient gave a nega- 
tive Wassermann reaction. 

In the future the syphilographer will be able, with the aid 
of serologic methods, to classify his syphilitic patients into 
groups, such as those who will possibly develop syphilis 
of the nervous system, and those who are not likely to. 
Cases in which the changes in the serum and fluid justified 
a diagnosis of cerebrospinal lues in a patient not entirely 
free from syphilitic rash are not rare. The number of 
patients with an initial lesion still active who would show a 
cell count and a positive fluid Wassermann has never been 
determined. It is plausible to believe that the Treponema 
pallidum permeates the entire system of a patient in the 
beginning of the disease, gradually settling in various tis- 
sues, which will later determine the type of luetic affection, 
as, e. g., visceral, vascular, cutaneous, nervous, etc. The 
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bctora that detennine the peffnuLnent invohrenieiit cl the 
nen'ous s>'stem are still unknown. It is, hcywever, a safe 
procedure to treat the patient with a positive sfMnal fluid 
more energetically, and continue the thenq>y until all 
pathologic constituents have disappeared frcHn the cerrino- 
flpinal fluid. This api^ies particularly to the ^'chancres 
o^haliques'' of the Frendi, who give a large percentage 
cl cases of invdvement of the nervous s>'ston. The possi- 
bility of diminishing the number of cases of tabes, coebro- 
qnnal lues, or general pareas is in the hands of the physician 
who sees the initial lesion and bears in mind the early possi- 
bility of involvement of the central nervous ^*stem, and the 
concomitant evidence to be found in the cerebro^inal 
fluid in sudi cases. 

If the prophylactic treatment of s}i>hilitic diseases of the 
nervous system is ever to become a certainty, it will have to 
be introduced by the syphiliddogist or the genito-urinary 
qpedalist, who, as a rule, see such cases first. \^^th this aim 
in view, it will be just as necessary for these phyadans to 
acquaint themselves with the various serologic manifesta- 
tions of lues, particularly of early lues of the nervous system, 
as it is obligatory for the neurologist to know the dianges 
that occur in the cerebrospinal fluid. In an instructive study 
of the changes that take place in the cerebrospinal fluid in 
the various stages of syphilis, Wilhelm Gennerich has arrived 
at the very important conclusion that in many cases of 
primary lues the cerebrospinal fluid shows evidences of in- 
fection, which, according to his opinion, is an expression of 
the peculiarity of the syphilitic virus, in that it shows, by 
involving the nervous apparatus, its tendency to spread and 
permeate the human body. This tendency to extension is 
inherent in the Treponema pallidum, whether held in check 
by inunune processes or by appropriate therapy. Hence the 
active manifestations that occur in a luetic after a compara- 
tively symptom-free period. The temporary inertness of 
the virus is to be noted in ophthalmologic practice, where, 
suddenly, an eye musde becomes affected; here, apparently, 
the natural immune protection which sufficed to keep the 
treponema dormant and confined for a prolonged period was 
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suddenly relaxed, with a resulting activity of the micro- 
organisms. Such occurrences are frequently the mode 
of infection in congenital lues. It is sufficient to know that 
the syphilitic virus can lodge in the meninges very early, 
remain dormant for a time, and later manifest its presence 
by a cranial nerve palsy, an Argyll-Robertson pupil, absent 
knee-jerks, defective memory, or a speech disturbance. 
These abnormalities, if detected in their incipiency, are not 
infrequently amenable to abortive treatment. One of the 
most reliable signs of an involvement of the central nervous 
system is the pathologic status of the cerebrospinal fluid. 

In presenting a case of cerebral syphilis that occurred six 
months after the initial lesion, Gregory and Karpas quote 
Lannois, Foumier, Mingazzini, Oppenhdm, Nonne, and 
Gowers, all of whom reported cases of cerebral lues occurring 
from six weeks to eighteen months after the chancre. 

Nonne speaks of a case of basal meningitis that occurred 
four months after the infection in a patient who still pre- 
sented a papular eruption. It must be remembered that the 
papular form of syphilids is more apt than any other early 
luetic lesion to show future involvement of the nervous 
system. 

The case reported by Gregory and Karpas contracted lues 
in the early part of May, 1912. On June 29th papules 
appeared over the entire body, and the mucous membrane of 
the throat was congested. The patient was first seen by the 
neurologists on October 6th of the same year. It is highly 
probable that the cerebral manifestations were present in a 
latent form before the patient presented a dull and drowsy 
appearance and a partially paralyzed right side. The 
papular eruption was present, although it had disappeared 
for a time as a result of antisyphilitic therapy. The pupils 
were unequal and slightly irregular. Reaction to light and 
accommodation were sluggish. The right side of the face 
was paralyzed, and the nasolabial fold was obliterated. On 
the right side a clonus and a Babinski reflex were elicited. 
The patient was bedridden and required constant attention. 
He vomited and complained of headache. His serologic 
analysis gave the following results: 
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Fi.nioW.Il. 


g™™«. 


— ■ 


^H Pomtive. 


Podtive. 


Excess. 


61S lymphocytes ^^| 


^H The serology here is unquestionably that of cerebral lues ^H 

^H of an active exudative type. ^H 

^^P This case is interesting not only because it serves as an ^^H 

^^ example of early involvement of the nervous system, but ^^M 

also from the therapeutic possibilities that exist in such ^^H 

cases. This patient received, from October 19th to Decern- ^^M 

ber 18th, 7851 grains of potassium iodid, lOj grains of mei^ ^^M 

cury salicylate, and 1.2 gm. each of salvarsan and of neo- ^H 

salvarsan. The subsequent serology- showed: ^H 


Bmau W. R. 


PLnnW. R. 


QlOBDLIl.. 


PuocTToan. ^H 


Weakly 
positive. 


PoMtive. 


Normal. 


17 per cmm. ^^ 


Dreyfus' studies show that of 22 cases of secondary syph- ^H 
ilis, 17 exhibited pathologic changes in the cerebrospinal ^H 
fluid. It is important to note the fact that in these cases ^H 
Dreyfus could find no sj-mptoms suggestive of an involve- ^^M 
ment of the central nervous system. He cites the case of ^H 
a female who contracted lues in January', 1912, and a month ^H 
later presented a maculopapular eruption. There were no ^H 
signs of involvement of the nenous apparatus, but the sero- ^^M 
logic analysis showed that the fluid was abnormal, as may ^H 
be seen from the following table: ^^| 


amamW.R. 


Pldid W. H. 


Globcuk. 


Putocrroau. ^^M 


Poaitive. 


Negative. 


Slight. 


458 cells per cmm. ^* 


The importance of making early serologic tests by those 
who see syphilis in its first stages is self-e^■ident. In these 
patients it cannot be doubted that proper tests wiU greatly 
diminish the statistics of the future of cases of tabes and 
general paresis, as well as of cerebrospinal lues. ^^H 

M 



PART IV 
THE THERAPEUTIC USE OF SALVARSAN 

HISTORY AND DEVELOPMENT OF SALVARSAN 

The history of the development of salvarsan and its ap- 
plication to the treatment of syphilis must be considered 
together with the development of organic arsenical prepara^ 
tions. Of these, atoxyl deserves first mention. Chemically 
speaking, this substance is para-amido-phenyl-sodium arsen- 
ate, and structurally it shows the following constitution: 

/OH 
As=0 
i X)Na 

HC CH 
HC CH 

I 

NHa 

Atoxyl was used extensively in the treatment of infec- 
tions due to the trypanosomes. Schaudinn, the discoverer 
of the microorganism of syphilis, advanced the hypothesis 
that the organism known as the Spirochaeta pallida stands in 
close relationship to the trypanosomes. Working on this 
hypothesis, Uhlenhuth experimented with atoxyl in fowl 
spirillosis, and obtained sufficient success to warrant its 
trial in experimental syphilis. Here must be mentioned 
also the contemporaneous efforts of Neisser and of Metchni- 
koff, who proved the great value of atoxyl in the treatment, 
and even in the prophylaxis, of animal syphilis. These 
results were chiefly responsible for the employment of atoxyl 
in the treatment of human syphilis. The beneficial results 
obtained in some instances of lues, particularly in those 
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forms of the disease designated as malignaDt, served as a 
stimulus to the clinician and experimenter. 

The clinician soon discovered the fact that atox>l. while 
possessing marked curative qualities, also produced in some 
instances by-effects serious enough to preclude its use in 
certain forms of lues. The gastro-intestinal irritation, 
nephritis, and occasional blindness that followed the use of 
this remedy greatly minimized its therapeutic utility. 
Even very minute doses were frequently followed by symp- 
toms of a toxic nature, so that Buschke expressed the opinion 
that, owing to its great toxicity, the usefulness of atoxj'l is 
almost nil, a view with which many foremost clinicians were 
in accord. In spite of these failures, Uhlenhuth and Manteu- 
fel still maintain that atoxj'l is a valuable remedy in human 
syphilis. These investigators have suggested combining 
atoxyl with mercury. 

Ehrlich established the very important fact that during 
the course of his studies with the trj-panosomes the com- 
bined use of mercury and the arsenical preparation increased 
the sterilizing potency of the latter to a marked degree. 
The reports on the animals treated with this combination 
showed that very large doses were necessary to secure a cura- 
tive effect, and that the method could not, therefore, be 
utilized in the treatment of human syphilis. As a result, 
the use of atoxyl was discontinued. 

Another drug was next tried for a short time, and better 
results expected on account of its greater stability; this was 
arsacetin. Although less toxic than atoxji, this chemical 
substance did not fulfil the requirements of an ideal remedy 
for lues, and was likewise discarded. We are now approach- 
ing the chemical relatives of salvarsan, and the first of this 
group is arseno-pkenyl-glycin. Its chemical constitution 
is as follows: 

CH,(NH,)CO CHs{NH,)CO 



HC CH HC 



HC CH 



HC CH 
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This substance is of interest from the chemical point of 
view, in that it illustrates the trivalent state of the arsenic 
molecule. It should be remembered that the arsenic in a 
pentavalent state is less active in exerting its toxic in- 
fluence on the spirilliun group than when it is in a trivalent 
state. This is due partly to the fact that in a molecule in 
which all the valences are satisfied the desired influence is 
less likely to take place than when some of the valences are 
not satisfied, a fact that is somewhat analogous to the readi- 
ness with which oxygenation can be obtained with an oxygen 
molecule as it exists in H2O3, where the O molecules inter- 
change valences and hence are in a less stable chemical state 
than when the O is attached to two separate univalent mole- 
cules, or one bivalent molecule, as is the case in H^ or in 
CaO. It is well known that in the two last-named substances 
the oxygen is separated with much greater difficulty than in 
the case of hydrogen dioxid. The same holds true to a 
certain extent of arsenic in a trivalent condition; this inter- 
changes valences with its fellow on the other side, thus 
minimizing the affinity to the benzol ring, from which it 
separates when the suitable opportunity is at hand. Arseno- 
phenylglycin was used with some success in combating 
recurrent fever. 

Arsenophenol is another chemical compound that was tried 
with a view to obtaining a satisfactory spirillocidal sub- 
stance. Its formula is the simplest of any of the organic 
arsenicals, and shows the following structure: 



A8= 

HC CH 
HC CH 

\c/ 



A 



H 




In this the arsenic is also in a trivalent state, and is very 
active against the fowl spirilloses. It is, however, very 
readily oxydizable, and must be kept in vacuum tubes. 
In spite of this precaution, it is necessary to reduce the sub- 
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stance before it is actually used, and for this purpose hydro- 
gen sulphite (H^Os) is recommended. 

TetracMor' and tetrabromrarsenophenol are substances 
structurally similar to arsenophenol, containing four mole- 
cules of CI and Br in the 3 and 5 positions respectively. As 
compared with the halogen-free substance, their activity is 
less marked. 

Diehlorphenylarseniovs acid: 

-H 




As=0 
I X)— H 



,/^ 



HC CH 

C3— c c-a 

L 

This substance is readily soluble in water, and can be neu- 
tralized with ease by using a sodiiun carbonate solution. 
The dosis toleraia for healthy mice is 1 : 75, whereas the 
curative dose is 1 : 100. There is, therefore, a considerable 
margin of safety between the tolerant and the curative 
dose, an item that is of the greatest importance in consider- 
ing the value of any drug. A considerable drawback to its 
use lies in the fact that it is capable of producing disturbances 
in the nervous system. This in itself is suflScient to preclude 
its use in the treatment of spirilloses or allied infections. 
Dioxy-diamiTUHirseno^enzol and its hydrochloric acid soli: 



As= 



A 



H 




HC CH H( 
NHaC CHHC CNH, CfflNH,C CH HC CNH,C1H 

\c/ 




The first of these substances was designated by Ehrlich, 
for purposes of brevity, as "592." It is a light-yellow powder, 
which, on account of the property it possesses of being very 
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readily oxidized, must be kept in sealed vacuiun tubes. 
This substance is soluble in water rendered alkaline with 
NaOH. The hydrochloric acid salt of this substance C*606") 
is readily soluble in hot water, is strongly acid, and is ab- 
sorbed with diflSculty by the tissues. This latter peculiarity 
makes it unsuitable for therapeutic uses, at least in its acid 
form. 

Another remedy possessing great spirillocidal power is 
amidophenylarsenoxid. The chemical structure of this 

substance is: 

As=0 



H 




Vh 

H— C C— H 

NH, 

Of this substance, 0.03 gm. is tolerated per kilogram of fowl. 
The quantity required to rid the fowl of spirilla is only j^ 
of this amount, a fact that makes this arsenical combina- 
tion of great therapeutic significance. The comparative 
usefulness of the various chemical substances here con- 
sidered will be seen from the following table, showing the 
dose tolerated and the dose required for sterilizing the fowl: 



Atoxyl 

Arsacetin 

Arsenophenylglycin 

Amidophenylarsenoxid 

Dioxyaiamidoarsenobenzol . . . 



DoaiB 

TOLERATA. 



Dosis 

CURATIYA. 



0.06 


0.03 


0.1 


0.03 


0.4 


0.12 


0.03 


0.0015 


0.2 


0.0036 



Pbopobtion. 



i:3 



A glance at this table shows that the last two substances 
possess the ideal qualities required of a therapeutic agent, 
and of the two, the last is the most potent. 

The principle involved in the conception of "chemo- 
therapy^' as elaborated by Ehrlich consists of the finding 
of a remedial agent that possesses, first, properties injurious 
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to the "causa movens" of a given disease, and, second, one 
that, when introduced into the animal organism, will pro- 
duce as little disturbance as possible. These properties are 
possible only after standardization and after a careful con- 
sideration of the effects of a given substance in animal 
experimentation. 

The "chemotherapy" of the past was based more or less 
upon empiricism, and embraced only a few remedial agents 
whose properties were well defined. Mercury and the iodids 
were regarded as specifics for sj-philis; quinin, for malaria; 
and later, atoxj'I, for sleeping sickness. These substances 
were utilized as the result of experiments made in the past, 
and were not dependent upon the painstaking standardiza- 
tion that characterizes the chemical substances introduced 
into therapeutics by Ehrlich and his followers. This in- 
vestigator differed from the chemists who considered "Car- 
pora von agitni, nisi fiuida," and established as a chemo- 
therapeutic principle that "Corpora non aguvi, nisi fixaia." 
This conception is only a part of the original teaching of 
Ehrlich regarding inmiune processes in general. His theory 
of immunity maintains that definite receptors in the body- 
eells must be present before a certain substance can be 
"anchored" by the cell. In tetanus, for example, the cells 
of the nervous system possess a greater affinity for the 
poison elaborated by the bacterium than does any other 
body-cell; this is due to the fact that they are endowed 
with "receptors," which other cells do not possess. When 
arsenic is introduced into the body it is fixed ("anchored") 
by certain cell-receptors; when mercury is introduced, it 
in turn is fixed by other receptors. It is possible to pro- 
duce chemical substances that carry side-chains that are 
capable of being fixed by certain cells only or by certain 
bacteria if need be. 

It was the original intention of Ehrlich to produce a sub- 
stance that would carry in its complex makeup a molecule 
or a group of molecules that would be anchored by the 
invading microorganism to a much greater extent than by 
the body-cells of the infected animal. Thus when the micro- 
organism fixes (anchors) the given molecule, it also carries 
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with it the remainder of the chemical substance^ whatever 
that may be; at the same time, the side-chain that is an- 
chored or is responsible for the anchoring of the entire mole- 
cule need not possess any of the properties of the entire mole- 
cule or of any part thereof. For example, when the molecule 
of ''606" is anchored to the treponema of syphilis by its OH 
or its NHa side-chain, or by both, it must later contend 
with two molecules of arsenic, which, being in a trivalent 
condition, can exercise to a marked degree its toxic effects on 
the microorganisms. The side-chains as they exist in 
"606" are much more readily taken up by the Treponema 
pallidiun than by the body-cells, as is shown by the dosis 
tolerata as compared with the dosis curativa. 

The chief point to be observed in the introduction of 
chemicals into a living organism is that the infective agent 
will fix the given drug, and, as a result of this fixation, it will 
die, or, as is the case with some chemicals, reproduction will 
be inhibited. This quality was established in the production 
of dioxydiamidoarsenobenzol, in that it is fixed by its amido- 
oxy-group (haptophore group of the molecule) by the Tre- 
ponema pallidum, which is killed by receiving the molecule 
in its economy, a fact that was demonstrated by animal 
experimentation as well as by clinical observations. 

From the encouraging clinical reports received as the 
result of experiments carried out on many thousands of 
cases and on animals before the drug was placed in the 
hands of the general medical profession, Ehrlich believed 
at the time that in the "606" molecule he had discovered a 
means of ridding, by a single administration, the human 
organism of the cause of syphilis. This conception of a 
"Therapia sterilisans magna," although established in indi- 
vidual cases, did not wholly come up to the expectations 
of this eminent investigator. 

Syphilis cannot be cured with one injection of salvarsan, 
and the physician who attempts to assert definitely how 
many injections are required is merely doing so as the result 
of conjecture, as there are no standards as yet that would 
establish the number of treatments required in a given case 
of syphilis. 
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In many instances the reports showed that it is not an 
ahogether easy task to prepare the substance for injection^ 
and that some chemical preparation that would require less 
handling would be most acceptable. With this end in view, 
Ehrlich resumed his search for a more ideal substance^ and 
as the result of his nine hundred and fourteenth experi- 
ment he gave us neosalvarsan C'914'0- This substance b a 
definite mixture of sodium-S diainino-4 dihydroxy-1 arseno- 
benzene methanal sulphoxalate (according to the New and 
Non-official Remedies, Jour. Amer. Med. Assoc., 1913). The 
chemical formula may be represented as follows: 

A ft- =As 



A, 




H— <:> C— H H— C C— H 

H— C C— XH, H-C C— XHfCHX»OSNa 

6h 6H 

This substance contains in three parts by weight ap- 
proximately the same amoimt of arsenic contained in two 
parts by weight of salvarsan. Salvarsan and neosalvarsan 
are dispensed in sealed tubes, containing vari^ing quantities. 
Neosalvarsan may be obtained in tubes containing from 
0.15 to 0.9 gm. Salvarsan may be had in amounts up to 
0.6 gm., which represents the full dose usually given to 
adults. The ampules of salvarsan are filled with an indiffer- 
ent gas, such as N, in order to obviate chemical changes. 
It must be remembered that salvarsan is readily decom- 
posed, forming substances of a toxic nature, and must con- 
sequently be used as soon as an ampule is opened, not per- 
mitting it to remain in too prolonged contact vriih air. 
It is best to prepare the solution at the bedside and use it 
at once. 

The following extract concerning the properties of these 
two drugs is taken from the Journal of the American Medical 
Association: 

Salvarsan contains 31 .57 per cent, of arsenic. It is a yellow, 
crystalline, hygroscopic powder, very unstable in air. It 
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is readily soluble in water, particularly when hot, yielding a 
solution with an acid reaction. The addition of sodium 
hydroxid solution to an aqueous solution of salvarsan, in 
the ratio of two molecules of sodium hydroxid to one of 
s&Ivarsan, precipitates the free base, namely, (NHnOH,- 
CjHaAs : A3,CbH30H,NH2). On the addition of an aqueous 
solution of sodium carbonate to au aqueous solution of 
salvarsan a precipitate is produced wiiich is insoluble in an 
excess of the reagent. An aqueous solution of salvarsan is 
not affected by the addition of dilute hydrochloric, nitric, or 
sulphuric acids. 

When salvarsan is heated with an alkahne solution of 
potassium permanganate, the permanganate solution is 
reduced and ammonia is given off. The addition of ferric 
chlorid solution to an aqueous solution of salvarsan pro- 
duces a brownish- violet color, which gradually changes to a 
dark red; finally the liquid becomes turbid. 

Silver nitrate solution added to an aqueous solution of 
salvarsan acidified with dilute nitric acid jields a dark- 
yellow precipitate which rapidly becomes black. 

The addition of concentrated nitric acid to an aqueous 
solution of salvarsan produces a yellowish-white precipitate. 
On further addition of the acid the precipitate redissohcs 
and the solution becomes dark red. 

Neosalvarsan is an orange-yellow powder possessing a 
peculiar odor. It is very unstable in the air. It is readily 
soluble in water, yielding a yellow solution which Is neutral 
toward litmus. Upon standing the aqueous solution be- 
comes dark brown, forming a brown precipitate. 

A freshly prepared aqueous solution of neosalvarsan 
(1 : 100) yields a precipitate on the addition of mineral acids. 

If silver nitrate test solution be added to an aqueous solu- 
tion of neosalvarsan {1 : 100), a brownish color should be 
produced, quickly followed by the formation of a black pre- 
cipitate. 

If ferric chlorid test solution be added to an aqueous 
solution of neosalvarsan (I : 100). a violet color should be 
produced, which soon changes to a dark red. 

If to 10 c.c. of an aqueous solution of neosalvarsan (1 : 100) 
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5 c.c, of dilute hydrochloric acid be added and the mixture 
heated, the irritating odor of sulphur diosid will be evolved. 
If to 10 c.c. of the aqueous solution of neosalvarsan 
(1 ; 100) 5 c.c. of diluted hydrochloric acid be added, the pre- 
cipitate collected on a filter and treated with zinc dust and 
warm, diluted hydrochloric acid Jn a test-tube, and if paper 
moistened with a 5 per cent, cadmium chlorid solution be 
held in the mouth of the tube, the paper should be stained 
yellow within a few minutes. (Distinction from salvarsan.) 

EARLY METHODS AND RESULTS 

Because of the marked instabilit\' of salvarsan and neo- 
salvarsan, it is well to see that the ampule containing the 
drug is intact, and that the powder is of a yellow, and not of 
a gray or brownish, color. Any drug not up to this standard 
must be regarded as deteriorated, and hence dangerous for 
therapeutic purposes. 

In the early methods only salvarsan was used, the drug 
being given intramuscularly, subcutaneously, and intra- 
venously. For the muscular and subcutaneous injections 
acid solutions, alkaline solutions, neutral emulsions, and 
paraffin mixtures were employed. These various methods 
of giving the drug will now be considered briefly and in order: 

The Acid Solution, — The equipment necessarj' for the 
preparation of the acid solution consists of a 25 c.c. graduated 
cylinder with a ground-glass stopper. This cylinder con- 
tains a number of medium-sized glass beads, about 30 in all. 
A small 25 c.c. griffin-lip beaker with a cotton plug, and, 
lastly, distilled water, are also required. These must all be 
sterile before using. 

For intramuscular injection the drug is prepared as fol- 
lows; Having placed the sah'arsan in the cylinder, add at 
once boiling sterile distilled water and shake vigorously. 
The drug dissolves readily, a yellow fluid resulting. Pour 
the fluid into the beaker, and it is ready for injection, 

This form of treatment was usually followed by intense 
local reactions, and for this reason is not to be recommended. 

The Alkaline Solution (.^ft).— The equipment for the 
preparation of this solution is similar to that used above, 
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■with the addition of a 4 per cent, sodium bydroxid solution, 
an additional graduated cylinder of 25 c.c. capacity, and a 
graduated 1 or 2 c.c, pipet. Everything used must be 
sterile. 

First prepare an acid solution as previously directed. To 
this add 0.5 c.c. of the sodium hydroxid solution for every 
0.1 gm. of the drug. Shake vigorously. This produces a 
yellowish, at times a brownish, opaque fluid; to this add 
the alkali drop by drop until the opacity vanishes. It is not 
advisable that an absolutely clear solution be produced 
by the addition of more alkali, as the slightly opaque fluid 
is less irritating than a very clear fluid woidd be. This 
alkaline solution is also used for intramuscular injections, 
as suggested by Alt. This mode of administering salvarsan 
is less irritating than the injection of an acid solution. 

The Neutral Emvhion {Michaelis).- — The same utensils are 
required here as in preparing the alkaline salvarsan, and, in 
addition, a bottle containing 1 per cent, acetic acid solution 
and another containing 0.5 per cent, solution of phenol- 
phthalein in 70 per cent, alcohol are also necessary. Every- 
thing used must be sterile. 

The first step consists in preparing a perfectly clear 
alkaline solution, as previously described; add two or three 
drops of the phenolphthalein solution; this results in a red 
coloration of the fluid ; finally add, drop by drop, 1 per cent. 
acetic acid solution. The salvarsan is precipitated as very 
fine, yellowish flocciili, and the acetic acid is added until all 
traces of pink color disappear from the mixture. The emul- 
aon is poured into the beaker, and the cylinder is rinsed with 
a little distilled water and this added to the contents of the 
beaker. The emulsion is now ready for use, either subcu- 
taneously or intramuscularly. 

Neutral Emvlaion (Wcch^etmann). — Apparatus required: 
Mortar and pestle; 15 per cent. NaOH solution; glacial acetic 
acid; A normal NaOH solution: 1 per cent, acetic acid; red 
and blue litmus-paper; a platinum loop: a small centrifuge 
with sterile centrifuge tubes; sterile physiologic salt solution; 
sterile distilled water. The salvarsan is rubbed up in the 
mortar with 1 or 2 c.c. of the 15 per cent. NaOH solution, 
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which dissolves it. Glacial acetic acid is added a drop at a 
time, which results in the formation of a glutinous yellow 
mass that is diluted with 1 or 2 c.c, of sterile distilled water, 
and carefully neutralized with the decinormal XaOH solu- 
tion, using the platinum loop for transferring a drop to the 
litmus-paf)er. This causes the formation of sodium acetate, 
which must be removed before the emulsion is roady for use. 
The centrifuge serves the purpose of showing that the neutral 
salvarsan in the centrifugalized 6uid is at the bottom of the 
tube, the clear fluid on top representing the sodium acetate; 
this last is poured off and discarded. The remaining salvar- 
san at the bottom of the centrifuge tubes is taken up with 
from 4 to 6 c.c. of sterile water, and the emulsion is ready for 
use, either subcutaneously or intramuscularly. 

All the methods here outlined of administering the drug 
have the peculiarity of producing in a few dajs painful 
swellings, and at times quite escteusive infiltrations and 
necroses take place. The subcutaneous and intramuscular 
methods are not to be recommended, as by the intravenous 
administration of the drug all local manifestations that are 
encountered by the other methods described are avoided. 

(HI and Paraffin Mixtures. — It has been demonstrated 
that these mixtures, when kept in dark containers, do not 
deteriorate for some time. This cannot, however, be de- 
pended upon, as the slightest decomposition of the original 
salvarsan is capable of producing marked toxic manifesta- 
tions. It is, therefore, best to prepare the drug immediately 
prior to use, and not to utilize any drug that is left from a 
previous preparation. 

In preparing these mixtures salvarsan is rubbed up in 
a mortar with some one of the following substances: Liquid 
paraffin, the finest sterile olive oil. oil of sesame, or sterilized 
liquid vaselin. The quantity of any one of these sub- 
stances is measured, so that 1 c.c. of the oil or paraffin is 
added to each 0.1 c.c. of the drug. This mixture may be in- 
jected in toto, or. as Kromayer suggests, 0.1 to 0.2 of the 
drug (1 or 2 c.c. of the mixture) may be injected 
second day. When the latter method is to be employed, 
the drug must be kept in a sterile dark bottle. Before 
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it, the drug must be rubbed up thoroughly, as a heavy 
sediment collects at the bottom of the flask. 

Although the injection in itself is painless, a few days 
after the treatment sensitive infiltrations develop that 
will at times persist for weeks, 

DOSAGE 

Males receive in general about 0.6 gm., whereas female pa- 
tients are given 0.5 gm. of salvarsan. This dosage ia the same 
whether the mixture be acid, alkaline or neutral, or oil or par- 
affin. Weak patients with organic diseases of a grave nature 
should receive smaller doses — 0.3 or 0.4 gm. of salvarsan. 

For infants suffering from congenital syphilis the dose ia 
from 6 to 10 milligrams of salvarsan for ever;- kilogram of 
body-weight, so that a child weighing 4 kilograms would 
receive from 0.024 to 0.04 gra. of salvarsan, To older 
children, weighing from 20 to 30 kilograms, 1 centigram of 
the drug is given for every kilogram of body-weight, 

INJECTION OF THE DRUG 

For the oil and paraffin emulsions it is best to use a s>Tinge 
with an asbestos plunger; for the waterj- mixtures an ordinary 
Record sjiinge will suffice. The substance is injected 
through a cannula, care being exercised that the cannula 
does not injure a blood-vessel. This may be accomplished 
bj' introducing the cannula without the syringe attach- 
ment, and turning it around a few times to be certain that 
no blood-vessel is near. Having taken this precaution, the 
substance may now be very slowly injected. The best site 
for making the injection is in the gluteal region. The small 
of the back (erector spinte group of muscles) is also an ex- 
cellent injection area, as absorption from this region is very 
rapid. After receiving the injection, it is well to keep the 
patient in bed for a few days. 

The Intravenous Injection. — The advocates of the intra- 
muscular or subcutaneous route belong to the early days of 
the use of salvarsan, when the conception of a "therapia 
sterilisans magna" still prevailed, and the belief existed that 
this could be accomplished with one or two injections of the 
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drug. The enormous number of applications of salvarsan 
that were made quickly dispelled the belief that a cure 
would follow one or two injections, and hence the intra- 
muscular and subcutaneous methods were discarded on 
account of the unpleasant local manifestations that resulted. 
The comparatively easy technic of the intramuscular method 
made this form of administration popular with those who 
were not acquainted with the manipulation of veins, or who 
had had unfortunate experiences with attempted intra- 
venous injections. As a result, some physicians effected 
a compromise, and advised the use of both methods, giving 
one intramuscular and later an intravenous injection of the 
drug. This combined method was said by some to have 
great possibilities. 

The wide notice the drug received resulted in attempts 
to use salvaraan in every possible way, and today, after more 
than five milli on doses of this remedy have been disposed 
of, the intravenous method holds first place in eSiciencj', 
safety, and, with some practice, ease of administration. 
Further on certain methorls will be described that tend to 
increase the efficiency of the drug by injecting it in the par- 
ticular part affected ; a method will also be given that tends 
to establish a form of fractional sterilization. 

The best manner of using salvarsan is an attainment to be 
achieved by future therapeutists, when more factors will 
enter into the method of using the drug. This particular 
sphere of activity confronts the neurologist, who is guided 
by clinical as well as by important laboratory data as to the 
progress of treatment. 

The intravenous method held out much more hope for the 
ultimate realization of Ehrlich's conception'of a "therapia 
sterilisans magna," but that this will be the result not of one 
but of many injections is also a well-established fact. In the 
intravenous method of administering salvarsan we possess the 
key to the entire therapeutic structure of sj-philitic therapy, 
which, it is hoped, will be accomplished in the near future. 

The following description shows in detail the instruments 
required, the preparation of salvarsan and of neosalvarsan, 
and the preparation of the patient for receiving the injection. 
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Instrumerds Required for Intravemrus Injection. — As a 
general precautionary measure it should be remembered 
that anytlung used in the preparation of salvarsan must be 
scrupulously clean and sterile. It will, therefore, be stated 
at the beginning, and repeated further on, that after having 
been used the entire apparatus is to be cleansed at once — ■ 
needle, container, rubber tubing, etc. It is a generally 
accepted fact that the fewer the parts of an apparatus and 
the simpler its working mechanism, the better suited it is 
for use. This applies especially to the salvarsan outfit. 
Occasionally some worker will prefer an apparatus to which 
he has become accustomed, and which would require much 
time for one to learn if he had never used that particular 
apparatus before. In these cases it is useless to advise the 
purchase of a new outfit. The description that follows 
embraces general principles, and shows the apparatus the 
author considers of moat value because of simplicity and 
ease of handling. 

The instruments to be used may be divided into those that 
are required for dissolving the drug and those employed for 
the injection of the solution. Mortars and pestles are not 
necessary for the intravenous method. The drug may be 
dissolved in a 350 c.c. graduated, glass-stoppered cylinder, 
and poured from this into the injecting apparatus when 
ready for use. For the injection of the solution any ap- 
paratus the physician is accustomed to use will answer, pro- 
vided it has an attachment that will permit of the inter- 
ruption of the salvarsan flow and the substitution of normal 
sterile salt solution. The reason for this will be discussed 
later, under the head of Symptoms Accompanying the 
Injection. An apparatus that possesses all the advantages 
is seen in the Weintraud-Assmy outfit, which consists of: 

One buret holder. 

One holder for two graduated cylinders (nickeled). 

Two graduated cylinders of 200 c.c. capacity. 

Rubber tube leading from each cylinder. 

Two glass connecting pieces. 

One nickeled two-way cock. 

A steel needle with point beveled obtusely. 
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In the author's work the following apparatus was used, 
which is a slip;ht moditication of the one employed at the 
Rockefeller Institute Hospital; it consists of a 400 c.c, 




Fig. 23.-~Authcir's apparatus aHaembled and ready for 



cylinder, provided with two rubber stoppers, one solid and 
the other having two perforations. The stopper with the 
perforations has one short glass tube and one long one. 
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as may be seen in the illustration (Fig. 23). The short 
glass tube has a rubber attachment connected with a three- 
waj' cock through an intermediary glass connecting tube. 
A 50 C-c. carbon filter is seen at the right of the long tube, 
which is also providcfi with a nibber tube that runs to the 
three-way cock. To the free end of the three-way cock is 
attached a piece of rubber carrying a delivery tube. All 
rubber-glass and rubber-metal connections are securely 
tied with cord or silk to prevent slipping or leakage. 
Two rubber bands— a large and a small one — prevent 
the accidental falling out of the rubber stopper when 
the apparatus is filled with the solution and turned 
over. The advantage of this contrivance lies in the fact 
that it eliminates the need for a separate mixing vessel, the 
drug being mixed in the same cylinder from which it is 
delivered. Ha\ing dissolved the drug and shaken it, the 
solid stopper is replaced by the perforated one, and secured 
with the larger rubber band; the apparatus is now turned 
over, having turned the three-way cock so that it will 
deliver from the carbon filter only. The outfit is suspended 
bj' the attached tape and the carbon filter adjusted, secur- 
ing it to the side of the cyhnder by means of the smaller 
rubber band. Saline solution is poured into the carbon 
filter, and the air expelled by lowering the delivery tube. 
The procedure of expelling the air is to be repeated, having 
turned the cock so that it will deliver salvarsan, the air con- 
tained in the rubber tubing also being expelled. Before 
using, the cock must be directed to the saline delivery, as 
it is advisable to begin with the saline, and have the glass 
connecting tube filled flush to the tip with the salt solution. 

Special instruction must be given regarding the use of the 
needle. The author does not recommend the use of the 
Schreiber needle or of any but an ordinarj- straight needle, 
and cautions against using those possessing special curves, 
cumbersome attachments, too wide a lumen, or a special 
stilet and cannula. It is safest to grow accustomed to 
manipulating the simplest needle, such as the one shown in 
the illustration of the salvarsan outfit (Fig. 22). This is an 
ordinary Yale-Luer needle, with a No. 19 bore, and is Ij 
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inches long. These needles are very serviceable, cheap, and 
a dozen can be used for months, even where many injections 
are given daily. 

The other apparatus shown in Fig. 24, the Fox-Trimble, 
does not meet the requirements on account of the absence of 
an attachment for the salt solution. The same may be said 
of the Iversea-Wolbarst outfit {Fig. 25), which has the 




Fig. 24.— The Howard Fon and W. D. Trimble apparatus for the 

intravcnoua injection o( aalvEirsan. The Schrcibn- needle ie shown at the 
bottom of the cut. 

additional disadvantage that it requires an air-bulb, driving 
the solution into the vein. 

Besides the delivery apparatus, the tourniquet may be 
included as a part of the saharsan injecting outfit. This 
need not be an elaborate affair, and the artery clamp may be 
eliminated. With a little practice one can learn how to apply 
the tourniquet, which consists of an ordinan,- piece of irriga- 
tion tubing, and be able to ascertain at a glance whether or 
not it is too tight. An extra supply of needles should be 
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carried in case of emergency, and more saline solution than 
is required for one treatmeut should also be at hand. The 




; 'in not pari, of the outfit. 

additional equipment consists of a rubber sheet, sterile 
gauze pads, towels, alcohol, ether, and collodion. 

PREPARATION OF SALVARSAN 

An important requisite is the employment of freshly dis- 
tilled sterile water in preparing the solution of salvarsan 
for intravenous use. In order to have this at hand a water 
still is indispensable. It must be remembered that unless 
this rule is rigorously adhered to, satisfactorj' results cannot 
be expected. A very simple still can be installed in a phys- 
ician's office near a water faucet and a sink, and enough 
water can be had for a dozen salvarsan injections if need be. 
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Such a water atill is shown in Fig. 26, and, from the author's 
esperience, is a very satisfactory and inexpensive apparatus. 
Having secured enough distilled water, 350 c.c. are next 
placed in an Erlenmeyer flask of 500 c.c. capacity, and 
boiled for five minutes. This is sufficient to render the water 
sterile for use with salvarsan. While still very hot, 100 c.c. 
of the water is placed in the container. {See p. 215.) The 
ampule of salvarsan is meanwhile kept in 95 per cent, alcohol 
to sterilize the surface of the container; the file is also placed 




in the same fluid. After removing the ampule from the alco- 
hol and drying it, with a firm pressure against the glass with 
the file rasp the neck and break it off by striking the tip 
firmly. Pour the contents into the container with the hot 
sterile distilled water, close tightly with the rubber stopper, 
and shake the contents until every trace of undissolved 
drug is gone. This sometimes requires from one-half to one 
minute's shaking. The next step is to neutralize the di- 
chlorhydrate salt, which is accomplished by the gradual 
addition (drop by drop) of a 15 per cent. NaOH solution. 
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This step must be carried out with precision, as too alkaline 
or insuflSdently neutralized solutions are harmful. After 
thorough shaking and inspection of the delivery cylinder 
to ascertain that no particles of undissolved drug are ad- 
hering to the cylinder wall, the 15 per cent. NaOH solution 
is poured into the cylinder drop by drop until about 11 
or 12 drops have been instilled. Having replaced the 
rubber stopper, shake the contents vigorously. This addi- 
tion of the alkali forms the mono^add product, which is still 
in a state of solution. The reaction that takes place is as 
follows: 

NH,(CIH) NH» 

II 4- H,0 4- NaOH == || + NaCl + H/) 

As As 

C6H,^0H C6H,^0H 

^NH,(C1H) ^NHa(ClH) 

The futher addition of NaOH to the foregoing solution 
produces the neutral suspension by neutralizing the other 
CIH molecule. The addition of a few more drops produces 
the alkaline suspension, which has the following formula: 

J^H, 
C«H,^H--(NaOH) 

As 

I 

On adding a few drops more, — usually up to 16 or 19, — ^the 
suspension clears up, when the solution is ready for use; its 
formula is as follows: 

C6H,<^0H— (NaOH) 

As 

iL 

C«H,^OH— (NaOH) 

^NHa 
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The drug was utilized in every one of the foregoing for- 
mula. We know today that the only safe and least irritating 
preparation is the slightly alkaline solution. The subcu- 
taneous and the intramuscular methods are far less effective 
than the intravenous, and the physician who does not 
employ the last-named method cannot be said to have 
used the drug in its most potent therapeutic form; neither 
is he justified in criticizing the drug because of certain 
failures that he may have experienced, as his method of 
u^g the drug was not the one capable of aecomplishiug the 
greatest good for the patient. 

The Preparation of Neosalvarsan. — This powder is much 
more readily dissolved than the older salvarsan. Place the 
drug in a container, and for the full dose — i. e., 0.9 gm. — add 
about 175 to 200 c.c. of water of the same quality as was 
used in the preparation of salvarsan. The drug dissolves 
and leaves a clear solution, when it is ready for use. The 
water used for the solution must be cold, as hot water de- 
composes the drug and renders it toxic. No neutralization 
is required, a fact that makes it a very acceptable prepara- 
tion for those who do not possess the required technic for 
handling glass apparatus and chemicals. Neosalvarsan can 
also be gi\'en in concentrated form through an ordinary 
large Luer sjTinge by dissolving the substance in 20 c.c. of 
sterile distilled water and injecting it into the vein. 

PREPARATION OF THE PATIENT FOR INJECTION 
Although in the great majority of instances no spedal 
preparation of the patient is necessary, it is, nevertheless, 
best to administer the drug on an empty stomach. Having 
instructed the patient to refrain from luncheon, the drug 
is injected in the evening, before bedtime. It is also well 
to direct the patient to empty his bowels some time before 
the contemplated treatment, — say. the night before, — so 
that no toxic substances may be absorbed from the gut and 
give rise to unpleasant complications. When proper pre- 
cautions are observed in administering the remedy, its use has 
proved to be so free from untoward manifestations that many 
physicians now inject it without any preparation whatever. 
For the last two years, since the method of using salvarsan 
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and the general information regarding the drug have been 
placed on a surer footing, the author has not observed a 
single grave complication. In using the drug the peculiari- 
ties of the remedy and the patient's condition as well must 
be considered. It is bad practice to administer a small dose 
at prolonged intervals to a patient with active cerebral lues, 
as this is very often the cause of a neuro-recidive or a Herx- 
heimer, and it is just as bad to administer a perivenous in- 
filtration, an insufficiently neutralized solution, or a too 
strongly alkaline solution. Whenever possible, it is best for 
the patient to be in bed when the treatment is given; an 
operating-room is entirely unnecessary. 

THE TECHNIC OF INJECTION 
Where the administration of salvarsan or of neosalvarsan 
is a routine practice, the injection of these remedies does 
not rise above the dignity of a hypodermoclysis. To those 
who use the drug very infrequently, however, the injection 
will prove an operation of considerable difficulty. Some 
therapeutists with considerable experience in making the 
intravenous injection declare that the method of introducing 
the needle in injecting salvarsan is precisely the same as that 
followed in obtaining blood for testing for the Wassermann 
reaction. It may be stated here that on more than one 
occasion the needle had to be withdrawn from the vein, 
regardless of the fact that blood was flowing freely. It 
must be remembered that for making the Wassermann 
test it is not necessary for the point of the needle to 
be entirely in the vein in order to secure enough blood 
for the test, whereas in introducing a fluid like salvarsan 
it is very important that the point of the needle should 
be entirely within the lumen of the vein and nowhere 
else. In fact, the most important part of the injection 
consists in the proper introduction of the needle, as it 
may be partly outside of the vein, or may go too deeply or 
not deeply enough, or it may enter between the layers of 
the vein wall or between the vein wall and the perivenous 
tissues. The greatest source of error lies, therefore, in the 
improper manipulation of the needle. The chances for mak- 
ing this error are considerably enhanced by the use of 
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peculiar oeedles de^'ised espedaliy for the injectioo of 
salvarsan^ — needles that have a peculiar curve with a flat 
piece of metal attached to them, of which the Sdirdber 
needle, illustrated in Fig, 25. is the prototype. In orda 
to maoipulate such a needle the ph>~ddan must train his 
fingers to grow accustomed to handling a bent instrimiait. 

No better needle can be used than an ordinar>' straight 
one with a stitet to prevent rusting. A very" important 
point in the introduction of the needle is the peace of mind 
of the operator, a dedderatum particularly essential in 
difficult cases with poor veins. For this reason alone the 
author believes that an attachment for giving the ssH 
solution should alwav's be a part of ever>' apparatus used 
for the injection of salvarsan. ftTien the operator knows 
that salt solution will be used. — a method incapable of pn>- 
dufung untoward local effects even when the perivenous 
tissues are infiltrated. — his confidence will be more conduci\"e 
to the proper handling of the needle than if no preJiminary 
salt injection were used. For this reason, therrfore. it is of the 
greatest advantage that the apparatus carr>- a contaiim of 
salt solution that can be used at anj' time during the injection. 

To return to the introduction of the needle: .-Vlthough this 
procedure was fully considered under the head of Technology, 
this did not include the method for introducing drugs. 
For this, as was pre%'iously empha^zed, a special tecfamc is 
required. It is most essential, before making the puncture, 
that the operator be absolutel,^' certain that tbe vtia has 
the proper prominence, is well fixed, and that the von 
sdected b the most suitable one the patient possesses. It 
is good practice, therefore, to spend a few minutes in select- 
ing a vein and judging which arm is best suited to ^ecet^'e 
the injection. If it b possible to use the left arm, thb should 
be selected by right-handed operators in preference to tbe 
right. The reason for taking this precaution lies in the fact 
that the iarjrest and most superficial vein at the beod of the 
cjbow runs in a direction from ri^ht to left and upward, 
which is exactly the line of force used b\- a right-handed 
operator in puncturing a vein, \\'here the \-eins in the left 
arm are defective and the rii;ht arm b tnore suitable, it 
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Fig. 27. — Appeamnc. _. . 

perivenous tissues with Bolvarsan, dui' to improper introtluctioi 
needle. The needle had to be removed and insCTted into anoti 
ejtpoaed by an inniBion: the scar win bo seon below. 
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Fig. 28. — Intravenous injection of salvareaii. Note tlie three-way 
cock near the operator's hand, also the two rubber blinds and the 
carbon filter coataiuing ntcrite normal salt solution, fixed to the Eide 
of the large cylinder with one of the rubber bands. 
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becomes necessary for the operator so to place himself that 
the same direction of force may be exerted in puncturing the 
vein as was just described. Use every means to render the 
vein prominent (see Teclmology); grasp the arm firmly, 
and have absolute control of the area to be punctured. 

In preparing the drug the author's apparatus possesses 
some advantages over the other salt-carrying three-way-cock 
outfits. The method of use is as follows: Pour the required 
amount of water in the cylinder, using hot water for salvarsan 
and cold for neosalvarsan. Having properly dissolved the 
drug, place the perforated rubber stopper tightly over the open- 
ing, securing the same with two stout rubber bands; in order 
that the bands may not slip from the bottom of the cylinder, 
it b best to attach adhesive plaster to the rim of the vessel. 
Place a sterile towel over the opening, having first secured 
the salt-carrying carbon filter; turn the three-way cock so 
that it will deliver salt, and then insert the entire device. 
Hang the apparatus on a hook, place some salt solution in 
the carbon filter, and drive out all air from the rubber tubing 
by raising and lowering the glass point of the delivery attach- 
ment. The cock should now be turned so as to deliver the 
drug, and the air expelled from the rubber tubing leading to 
the delivery cylinder. Turn the cock back again to the 
salt delivery tubing, and the apparatus is ready for use. 

Having properly cleansed the bend of the elbow and 
rendered the veuis as prominent as possible, with four 
fingers of the left hand of the operator imder the elbow of the 
patient and with the thumb holding the vein firmly in place 
and in close contact with the overlying skin, place the point 
of the needle directly in front of the thumb, bevel up, and 
with a firm, steady thrust push the point into the vein. As 
soon as a sense of diminished resistance is experienced by the 
right hand not the slightest force must be used any longer, 
and the needle must be kept in exactly the same place, 
without the slightest deviation from the original position. 
When the blood begins to flow, collect some in a test-tube 
for a Wassermann reaction. Insert the delivery point into 
the rubber attachment of the needle, and permit about 
25 c.c. of the salt solution to flow into the vein. If no 
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bulging occurs, the needle is probably in the right place; if 
the slightest swelling occurs about the vein, the needle is not 
properly inserted, despite the fact that the blood may have 
flown very freely. Once infiltration takes place, the vein is 
no longer fit to receive the salvarsan, — at least for the 
present injection, — and another vein must be selected for 
this purpose. The physician should never, under any 
drcumstances, attempt to inject salvarsan where bulging 
has taken place with salt solution. 

It occasionally happens that the needle is in the right 
position, and yet the salt solution does not seem to flow into 
the vein; this can be seen through the glass connection piece 
of the delivery point, which shows a trace of blood. This is 
sometimes due to an intravenous pressure that is greater than 
the pressure in the delivery apparatus; if the apparatus is 
elevated, thus increasing the pressure, the saline solution 
will begin to flow, and the blood from the connecting tube 
will disappear. 

Having ascertained to his satisfaction that the point of 
the needle is in the vein, as shown by the steady flow of 
the saline solution and the absence of bulging, the phys- 
ician now turns the cock to deliver the drug; this can 
be accomplished by the free hand of the operator, taking 
care not to change the position of the needle in the 
slightest degree. The turning of the salvarsan solution 
into the vein causes bubbles of salvarsan to rise in the 
air vent of the apparatus, so that the operator has at aU 
times a gage as to the rapidity of the flow, and can tell at a 
glance whether or not the apparatus is functionating prop- 
erly. The introduction of a full dose of salvarsan (0.6 gm.) 
should take about fifteen to twenty minutes; for the ad- 
ministration of neosalvarsan less time is required. One 
should not attempt to increase the rate of flow by pushing 
in or withdrawing the needle, as such manipulation may 
interfere with the success of the injection, either in whole 
or in part. Occasionally one may be permitted to turn the 
point slightly on its long axis so as to change the relation of 
the bevel to the vein wall; this must, however, be done with 
the greatest caution. When the flow is interrupted, a fact 
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that can be ascertained by the cessation of the bubbles 
rising in the air-vent tube, it is well, in order to reestablish 
the flow, to turn on the salt stream before attempting to 
correct or improve the position of the needle. 

The apparatus used by the author is very simple and 
permits of mixing in the same container that dehvers the 
liquid; the water necessary for the solution of the drug can 
be carried in the same cylinder, and the rate of flow or its 
cessation can be ascertained at a glance. This last is a very 
important feature, and one that the other apparatus do not 
possess. Another advantage not possessed by other ap- 
pliances is the ability to inject a pure solution of salvarsan 
without the least admixture of bits of glass or other insoluble 
debris that are at times present in a solution of salvarsan. 
No matter how careful the preparation of the drug, one will 
only in rare cases obtain an absolutely clear solution, and the 
delivery glass tube projecting slightly above the rubber 
stopper permits the impurities to settle on top of it, and these 
are not injected into the vein. 

After the requisite amount of remedy has been injected, 
the saline solution is again permitted to flow into the vein, 
so that at no time does the salvarsan come in contact with 
the perivenous tissues, and after a few cubic centimeters 
have been introduced the needle is quickly withdrawn 
and the site of puncture bandaged. The aseptic precautions 
are the same as those observed in performing hypodermo- 
clysis. 

ILL EFFECTS ACCOMPANYING THE INJECTION 
In the vast majority of instances the entire procedure 
is attended by very little discomfort. Extremely nervous 
patients may complain of faintness and require smelling 
salts. Only rarely will a patient complain of pain in the 
arm-pit corresponding to the site of injection. At times the 
continuous flow of salvarsan against a slightly injured wall 
on the opposite side of the vein will cause a smarting pain 
at the point of injection. This, as well as the pain in the 
axilla, can be readily overcome by stopping the flow of 
salvarsan and turning on the saline solution. Saline, there- 
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fore, plays a threefold r6le — it relieves the anxiety of the 
operator, it gives him a simple aid in ascertaining the ao- 
curacy of the needle's position without injuring the patient, 
and when, in the course of injection, accidents such as those 
mentioned do occur, he can always use the salt solution with 
impunity. 

Studies on the variation in the blood-pressure were con- 
ducted by Sieskind from the service of Wechselmann, and 
showed that, in the majority of instances, the blood-pressure 
is lowered. This is in accord with the observations of Nicolai, 
who finds a lowering of the blood-pressure after the subcu- 
taneous injeitiou of arsenical preparations. This lowering 
is not very marked, and is not sufficient to justify the ex- 
clusion of salvarsan. 

Some patients experience an increased flow of saliva during 
salvarsan administration; this disappears, however, in less 
than an hour. 

AFTER-CARE OF THE PATIENT 
After receiving the injection it is best for the patient to 
remain in bed. It may, at times, be permissible to give 
the injection in the physician's office, provided the patient 
is robust and does not present active manifestations of the 
disease, such as crises or lancinating pains. The author has 
had no difficulty in sending patients to their homes, even 
when they had to travel an hour or more. In selected cases 
this may be done with impunity, provided the full strength 
of the drug was not injected and when neosalvarsan was 
used. With full doses, and with salvarsan, it is better to 
give the injection at the patient's home. It is quite unneces- 
sary to send the patient to a hospital to receive the injec- 
tion. 

In order to avoid the intestinal irritation which some 
patients seem to develop a small dose of Epsom salts may be 
administered, which will remove the irritating drug as it is 
eliminated from the system. This is particularly indicated 
in those cases where habitual constipation exists. 

\Mien the injection is given at bedtime, no dietetic orders 
need be given; where, however, the treatment is given during 
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the day, it is best to direct that solid food should he omitted 
until the following day, A small portion of soup or a cup of 
weak tea may be permitted a few hours after the treatment. 
Some patients are by nature very restless, and for these a 
small dose of a mild sedative will do no harm. The ordinary 
case needs no special attention, particularly when neo- 
salvarsan is administered. The morning following the in- 
jection an analysis of the urine must be made, a precaution 
that should also be obsened before making the injection. 

Where facilities for performing the Wassermann reaction 
are at hand, as is the case in the majority of hospitals and 
in medical centers, the specimen of blood obtained during 
the introduction of the needle should not be discarded, but 
be utilized for making an analysis. The greater the number 
of Wassermann tests performed on a patient, the greater the 
good that will redound to the patient and to the physician. 
It is impossible at present to treat a case of s>T>hili3 intelli- 
gently without making a number of Wassermann tests. 
This will be discussed more fully under tlie head of In- 
dications and Contraindications. 

The treatment of a patient who shows pathologic mani- 
festations after receiving the injection will be given in the 
section on Post-salvarsan Manifestations. 



INDICATIONS APflD CONTRAINDICATIONS 

Lidications. — In this connection only neurologic cases 
will be considered. The clinical and serologic s>-mptoms 
requiring treatment will be considered together. It is fairly 
well established that the sj-philogcnous diseases of the nervous 
system all demand specific treatment, and the active varieties 
of these diseases require more attention than do the more or 
less quiescent tj'pes. Preeminently among the former is 
cerebrospinal sj-philis. 

In cerebrospinal lues, particularly with an abundant 
pleocjiiosis, the therapy must be corresjK)n(Mngly active, and 
this regardless of the behavior of the Wassermann reaction, 
as but little in the way of therapy need be given to ovei 
this index of existing syphilis. 
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The next to be considered is tabes. The serology of thia 
disease is varied, and phenomena are seen that resemble 
cerebrospinal lues on the one hand and general paresis on 
the other. Again, there are instances in which biologic tests 
give no clue as to the existence of neurologic syphilis. 

In this disease one must be satisfied with removing sub- 
jective sensations, as the objective pupillary and reflex 
abnormalities cannot be regarded as removable by therapy. 
Here serologic analyses are of the greatest moment, both 
as an index to treatment and from a prognostic standpoint. 
The higher the cell count in the spinal fluid in a given case 
of tabes, the greater the benefit that will be derived from 
antiluetic medication, and the quicker the result obtained. 
This was pointed out in the description of Hyper- 
lymphocytie Tabes, which is, from a prognostic viewpoint, 
the most satisfactory type of tabes to treat. 

Where the Wassermann reaction persists, treatment can- 
not be said to be concluded, and such "Wassermann fast" 
tabetics are best kept under surveillance until the reaction 
becomes negative, or, in other words, indefinitely. It is 
remarkable that where the "Wasserinami fast" phenomenon 
is obtained, the patients, as a rule, can tolerate enormous 
quantities of salvarsan, administered at regular intervals, 
from 20 to 30 injections being remlily borne. 

The question of treating a tabetic that evinces no active 
serologic signs depends entirely upon the clinician's judg- 
ment and upon the subjective manifestations of the ^ven 
case. Where marked discomfort is experienced from crises 
and shooting pains, the remedy may be employed and in 
some instances will be of benefit. The patient who presents 
the serologic and clinical combination under consideration 
most likely suffers from a pathologic change of an exudative 
nature, that runs its course entirely within the intervertebral 
foramen, as is suggested in Part III of this volume. 

Whether or not a patient with general paresis should be 
treated specifically is as yet an open question. In view of the 
fact that but little is known regarding the effects that may 
be secured from salvarsan and neosalvarsan, it is justifiable 
to try out this form of treatment on such patients. As 
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will be shown further on, some improvement, clinically at 
least, is occasionally attained. 

The same serologic consideration is to be given the selec- 
tion of cases for therapy as applies to other syphilitic dis- 
eases of the nervous system, i. e., the greater the cell count, — 
say, over GO or 70 per c.mm., — the more will the given 
patient be benefited. If the serology shows the combina- 
tion of findings suggestive of the early stage of the disease, 
when comparatively little deterioration has taken place, 
this would point to the use of specific medication. In general 
it may be said that less hope can be otTered to the case with a 
persistent positive Wassermann with a low cell count than 
to the patient who shows the early serology, or a high ceil 
count, or whose Wassermann becomes negative after receiv- 
ing a series of intravenous injections. It is a well-know-n fact 
that in rare cases the absent knee-jerks have returned and in 
general paresis the defective memory and the speech dis- 
turbance disappeared. The greatest caution must be ob- 
served in stating positively that this or that case is beyond 
improvement, the better plan being to experiment with the 
different methods and with the new remedies, either alone 
or in combination with mercury; of this, more will be ad- 
duced later. 

Having once secured complete negativation of the sero- 
logic picture, the patient should be advised to return once 
every two or three months to ascertain if there is a recur- 
rence. A return of pathologic findings is an index to further 
therapy. 

CoDtraindications. — If one considers the fact that during 
the comparatively short time that has elapsed since the 
original publication of Alt (in Mareh, 1911), — a period of 
three years, — over 5.000,000 doses of salvarsan and neosal- 
varsan have been used, it is small wonder that one still 
bears in mind the imtoward effects produced by the remedy, 
The ill effects obtained and published in three years naturally 
present a formidable array of danger-signals, which are 
responsible for much hesitation in the use of the drug. 
If the physician will pause to consider the fact that millions 
of doses of this remedy have been used, he will see that the 
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element of danger in the use of salvarsan is no greater than 
in the use of mercury, quinin, or morphin. If the number of 
accidents per thousand administrations of the last-named 
remedies were calculated, the proportion would be no 
greater than follows the use of salvarsan or neosalvarsan. 
In a comparatively short time after its introduction accidents 
were reported from the use of the drug, but it was later shown 
that the method of administration (depot formation, use of 
impure water, improper selection of patients, etc.) was more 
to blame than the toxicity inherent in the drug. Our knowl- 
edge of the use of salvarsan having increased, the complica- 
tions following its injection are becoming fewer and fewer, 
so that the contraindications pointed out bj' some writers 
are being regarded somewhat lightly, and onlj' the indication 
is regarded as governing its use. In the author's experience 
the drug has proved a harmless one — much more so than the 
extensive literature on t!ie subject would indicate. The 
contraindications to its introduction must be few, and, 
moreover, these must be generally recognized. 

The weeding out of cases for salvarsan therapy may be 
divided into two classes: (1) Those to whom salvarsan is to 
be given with great caution only, and (2) those to whom 
salvarsan cannot he administered at all. To class 1, properly 
speaking, belong those patients who are to receive the drug, 
but wiio will require close watching; these cases are the early 
forms of cerebral lues with cranial nerve manifestations of an 
exudative nature— cases that usually come first to the oph- 
thalmologist or aurist. In these cases, even if a small dose 
is injected, we may in a short time have to deal with a cere- 
bral Herxheimer reaction (see Post-sal varsan Manifesta- 
tions), which, considering the importance of the locality, 
in the case of the eighth nerve, the pons and medulla, would 
demand that extreme caution be exercised in advising the 
injections, more so since we know that one injection is as 
efficient in a case of cerebral lues as is a single injection of 
mercury salicylate. One injection, therefore, will tend only 
to increase the number of failures in this use of salvarsan, 
and be prejudicial to the treatment. Many of the so-called 
dangers are, in reality, due to the mode of administration, 
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which the statistics of 1913 seein to corroborate from the 
fact that since the necessary precautions were more care- 
fully observed, and since the administration of salvarsan was 
generally performed with greater akill, fewer casualties took 
place. With these points in mind, the real danger of ad- 
ministering salvarsan and the contraindications from a 
clinical point of view are few indeed. It frequently be- 
comes necessary to treat patients with a high blood-pressure 
with salvarsan. The author treated one patient with a 
blood-pressure of 240, and obtained no ill effects beyond 
nausea and vomiting. The organs of excretion were nor- 
mal. Where the blood-pressure is much below normal, the 
use of salvarsan is dangerous, its injection being followed 
by a temporary lowering of the pressure. Such patients 
must be observed carefully, and if the pressure becomes 
low enough to cause symptoms of tiistress, an injection of 
a few minims of adrenalin chlorid may be used with ad- 
vantage. 

In neurologic practice one is not infrequently called upon 
to treat tabes with beginning optic atrophy. These patients, 
even if they do display active clinical and serologic mani- 
festations, should receive salvarsan or neosalvarsan with the 
greatest caution. It is advisable to admuiister at first a 
very small dose of neosalvarsan and carefully obser\"e its 
effect on the optic nerve, both subjectively and objectively. 
Any change for the worse, be it ever so mild, precludes the 
further use of the drug. It must be remembered that the 
amaurosis resulting from saharsan or from neosalvarsan is 
very refractory to treatment. 

Of the contraindications to the use of salvarsan should be 
mentioned : Severe uncompensated heart disease — where on 
the slightest exertion, and even while resting, there is more 
or less dyspnea, particularly when the pulse shows irregu- 
larities. Coronary sclerosis, particularly when accompa- 
nied by a urine of low specific gra\-ity (contracted kidney), 
and containing albumin and casts. Emphysema and chronic 
bronchial affections that affect the heart should be treated 
with the greatest caution, and with small doses only. Even 
if sj-philis is present in a patient with advanced diabetes. 
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carcinoma, or tuberculosis, salvarsan should not be given, 
as miracles cannot be expected to follow its use. 

Aortic aneurysm in the very advanced stage will not be 
benefited by salvarsan, and its administration may be the 
direct cause of the patient's demise. This contraindication 
is removed when the condition is less advanced and when the 
remainder of the cardiac apparatus is intact. If the luetic 
focus is near an important and vital center, such as the 
vagus or other important medullary centers, the use of sal- 
varsan is very dangerous on account of the possible produc- 
tion of a Herxheimer reaction in this region, causing almost 
certain death. This will be considered more fully together 
with the Herxheimer reaction. 

Where an early cerebral lues manifests itself by headache, 
vertigo, defective memory, apoplectic seizures that leave per- 
manent paralyses in their wake, salvarsan should be given 
with great caution, as its use may result in added insult to 
the brain. 

THE WATER ERROR 

The early literature on salvarsan and its by-effects con- 
tains many references to, and examples of, the toxic effects 
of the drug. This resulted in extensive experimentation to 
ascertain the cause of the toxicity, and it was subsequently 
shown that the trouble was not inherent in the salvarsan, 
but in the water used in making the solution. Mcintosh 
and Fildes and Dearden, from the laboratory of William 
Bulloch, working mth various ordinary and bacterium-free 
saline injections in rabbits, came to the conclusion that it 
was not the salvarsan, but the bacteria contained in the 
media used to effect its solution, that should be held re- 
sponsible for the ill-effects of the drug. 

As a result of the suggestions of Ehrlich and Wechselmann, 
Yakimoff and N. K. Yakimoff learned the effects upon 
animals of the injection of solutions containing the toxins 
and endotoxins of bacteria. These investigators found 
that the injection of small doses of salvarsan together with 
the endotoxin of Bacteriiun coii commune in mice infected 
with trypanosoraes proved much more toxic than did endo- 
toxin-free injections. These writers established the toxicity 
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for the endotoxins of Bacterium coU commune, for the 
Bacillus pyocyaneua, Staphylococcus aureus, Pneumobadl- 
lus Friedlanderi, Bacillus subtilis, and Bacillus tetragenus. 

The addition of these endotoxins to salvarsan injected 
intravenously will result in a toxic effect, multiplying this 
tojdeity for mice from two to eight times. The same amount 
of endotoxin injected without the addition of salvarsan is 
without bad effect on the animals. The increase of toxicity 
produced by different bacteria also varies, the endotoxin of 
Bacterium coli being the most dangerous of all, and that of 
Bacillus tetragenus least toxic. The reason for using freshly 
distilled water is apparent from the foregoing report, and 
the precaution of always using this should be strictly fol- 
lowed. The simple boiling of old distilled water may result 
in the injection of sufficient endotoxin together with the 
salvarsan to produce all the untoward effects unjustly as- 
cribed to the drug. 

THE FATE OF THE DRUG IN THE ORGANISM 
The presence of the injected drug is demonstrable at once 
in the blood drawn from the other arm; it may also be 
demonstrated in the urine voided during the operation or 
immediately following it. Sufficient data are recorded to 
show that the excretion of arsenic begins at once, and con- 
tinues for a long time. The duration of this period of ex- 
cretion depends greatly upon the condition of the excretory 
organs of the patient, and upon the method of introducing 
the drug; it remains in the body much longer after an 
intramuscular than after an intravenous injection. In 
from three to four days the arsenic can no longer be found 
in the urine, but it may still be present in the feces after 
five or six days. Some writers have found arsenic even 
after four weeks, and Finger reports its presence nine months 
after a single salvarsan injection. The elimination of the 
drug is so rapid that it is imperative to use repeated doses 
before an effect can be observed. 

The ordinary tests for the presence of arsenic in the 
cerebrospinal fluid after an injection of salvarsan gave, as 
a. rule, negative results. The reports of Wechselmann, 
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Sicard and Bloch. and Zaloziecki, using the Marsch-Bertrand 
apparatus, as well as the biologic method of Abel (see be- 
low), showed that arsenic is present in the spinal fluid of 
patients treated with salvarsan. This is to be expected, 
and to sa\' that the drug does not reach the spinal fluid, 
in view of the fact that the serology is markedly changed 
in every way, is to establish an iinexplainable paradox. 
The presence of arsenic in the fluid puts all controversy as to 
the modus operandi of the negativating forces to an end: 
it simply attacks the microorganisms in situ. 

By using the biologic method for detecting arsenic, the 
author was able to demonstrate its presence in the vomitus 
of a patient treated with salvarsan. 

THE DETECTION OF ARSENIC 
The chemical detection of arsenic will be described after 
the biologic detection has been considered; the biologic 
method was employed by the author in his studies of arsenic 
elimination. 

This method is dependent upon the growth and prolif- 
eration of a thread-like fungus, which, when brought in 
contact with a substance containing arsenic, gives off 
strong, garlic-like odor. The reaction is, therefore, only 
qualitative, as the sense of smell of the indi\'idual worker 
must be considered. The chemistry of the reaction depends' 
upon the formation, in part, of hydrogen arsenid. AsHs, and 
largely on the production of diethylarsin, AsH(CiHs)] 
when the fungus is brought in contact with an arsenic- 
containing substance. The presence of the chemical sul>- 
stances just mentioned is responsible for the garlic-like odor. 
The fungus, PeniciUium brevicaulc, grows very readily 
upon doubly sterilized potato, as well as upon white op 
brown bread. The growth is verj- persistent, and a dried-up 
potato culture eight months old will still give, upon recul- 
ture, a vigorous growth of fungi. The fungi grow at room 
temperature or at 32° C. in the incubator. In the course 
of time the growth becomes yellowish and then brown, s 
fact that does not interfere with the arsenic-detecting 
properties. 




n 




Fi^. 29. — P'-nifriHiuiD l^jrei-icaulr. (No. 6 Lcit7>. «x*^ibr ^.^ 



THE DETECTION OF ARSENIC 



237 



The techoic is ver>' simple, and does not consume more 
than five minutes of the worker's time. Having obtained 
the spinal fluid in the ordinary way, it is poured upon a cul- 
ture previously grown on white bread (preferably two days 
old) in an Erlenmeyer flask, and stoppered tightly with a 
rubber stopper. It is permitted to remain thus tightly 
stoppered for forty-eight hours before the stopper should 
be removed for the detection of the garlic-like odor. Re- 
peated opening of the flask tends to diminish the intensity 
of the odor. The delicacy of the test surpasses that of the 
ordinary Marsh test, as it is capable of giving the odor of 
garlic when j-J^ milligram of salvarsan is brought in contact 
with it, and as salvarsan contains only a trifle over 31 per 
cent, of arsenic, the test is, therefore, sensitive to rnSur 
milligram of arsenic. The author was unable to detect 
the odor in fluids from patients treated with one dose, 
but when frequently repeated doses of salvarsan or neo- 
salvarsan were given, the odor could be obtained in from 
forty-eight to sixty hours. The test was performed In the fol- 
lowing manner: The bread-containing Erlenmeyer flasks 
were sterilized twice and carefully inoculated with the 
Penicillium brevicaule fungus. At the end of the second day 
of growth these flasks were ready for use. Having obtained 
the spinal fluid, 10 c.c. was placed in the flask and stoppered 
with a nibber stopper. The cases that had received the fore- 
going method of treatment usually showed the reaction, pro- 
vided not less than 8 c.c. of the fluid was used in making the 
test. After making three intravenous injections no trace 
of the drug could be demonstrated in the fluid, but after the 
fourth or fifth treatment the odor could readily be obtained. 
The incubation was carried out on top of the incvibator, at a 
temperature varying between 27° and 30° C. In performing 
this experiment care must be taken not to introduce air 
bacteria while transferring the potato culture to the Erlen- 
meyer flask. 

The Marsh Test.— Nascent hydrogen converts arsenic 
compounds into gaseous hydrogen arsenid, AsH,. This can 
be decomposed by heat, the arsenic being deposited as a dark, 
Durror-like coating on cold objects. This is practically the 
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basis of the Marsh test. Where minute quantitiea of arsenic 
are to be sought for, it is oecessary to have at least a liter 
flask, and a larger amount of zinc is required than where the 
seareh is for larger quantities of arsenic. 

To begin with, all reagents must be arsenic free. The liter 
flask is provided with a separatory funnel that reaches to 
the bottom of the flask. As the liberated gas will contain 
moisture, it is best to pass this through a U-tube, which is 
immersed in cold water, and through another tube contain- 
ing dried calcium chlorid. The moisture that is not condensed 
in the first U tube is absorbed in the calcium tube. The dry 
gas now passes through a horizontal glass tube of hard 




Bohemian glass, which melts with great difiiculty. After all 
the air has been driven off from the apparatus, this tube 
should be heated to redness with a Bunsen burner, and the 
heating continued for half an hour, in order to prove the 
purity of the reagents used; when satisfactorj", the apparatus 
is ready to receive the material to be tested for the presence 
of arsenic. If the reagents are not pure, a brown or black 
mirror will immediately be deposited beyond the flame. 
The mirror of arsenic is rendered more apparent if the glass 
tube beyond the flame is constricted to a small diameter, 
which is also the case with the free point of the tube. If the 
arsenic is not decomposed at the constriction, which is often 
the case, it can be detected by the flame at the point of the 
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tube with a cold porcelain surface, upon which the mirror 
coUects. 

In order to remove the exhausted acid without the ad- 
mission of air it is advisable to have a third glass tube in- 
serted through the rubber stopper, with a bent end to which 
a rubber tube possessing a clamp is attached. This removal 
can be effected by opening the clamp and closing the exit 
tube for a second, when the fluid siphons off. Where very 
minute amounts of arsenic are present, it may be necessary 
to manipulate the apparatus for several hours. The test 
is sensitive to yiij milligram of arsenic. The reaction is in- 
terfered with or prevented by the presence of oxidizing agents, 
organic matter, and the salts of the heavy metals, particularly 
of mercury. 

The nascent hydrogen gas is generated by the action of 
chemically pure HiSO« upon arsenic-free, finely granulated 
metallic zinc. 

Other tests requiring the use of electric apparatus have 
also been devised; these will not be described here, the 
reader being referred to special works on analytic chemistry 
for a discussion of them, as well as for the corroborative 
tests for the detection of arsenic. 

THE COHBINHD INTRAVENOUS AND INTRASPINOUS 
TREATMENT 

In an article which appeared in the British Medical Jour- 
nal, November 15, 1913, F. W, Mott speaks of treating 
syphilis of the nervous system by a method conceived by 
Fisher, who in the spring of 1912 elaborated it in the 
Rockwood Hospital in Kingston, Canada. Fisher at that 
time administered to bis patients salvarsan intravenously, 
and after having succeeded in rendering their sera negative 
to the Wassermann test, would inject this serum intra- 
spinously every week for three months; after this the 
patient would receive the same treatment every two weeks 
for four months. Mott observed verj' gratifying results 
from this method of treatment, so that he had Fisher 
come to London to continue his studies on patients in the 
Claybury Hospital. 
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INTRAVENOUS AND INTRASPINOUS TREATMENT 

In the Miinchener medicinizche Wochenschrift of 1913, 
Nos. 36 and 37, appeared an article describing the results 
obtained by treating locally {intraspinally} 12 patients 
suffering from syphilitic diseases of the nervous system. 
The experimenters, Homer F. Swift and A. W. M. Ellis, 
conducted their observations at the Rockefeller Institute 
Hospital. This method is described in brief as follows: 

The patient receives an intravenous injection of 0.5 gm. 
aalvarsan, in the majority of cases, given in the usual manner. 
Chie hour after this administration enough blood is with- 
drawn from the patient's vein to give at least 15 c.c. of 
serum. The blood, obtained under aseptic precautions, is 
permitted to coagulate, and is then placed in the ice-chest 
overnight. Next morning the separated serum is verj' care- 
fully decanted off into a centrifuge tube, and permitted to 
centrifuge for about half an hour. The clear supernatant 
serum is pipeted off from the few red cells at the bottom, and 
poured into a graduated ejlinder up to the 12 c.c. mark, 
and then brought up to 30 c.c. by the addition of sterile 0.9 
per cent. NaCl solution. This is placed in a 56° C. thermo- 
stat for thirty minutes, to avoid danger of contamination, 
and the mixture of serum and salt is ready for intraspinous 
injection. 

The solution is injected at body temperature. With the 
patient lying on his side, in bed, near the edge, the back is 
rendered aseptic in the ordinary manner, and the area to be 
punctured anesthetized with 2 per cent, sterile novocain 
solution. The lumbar puncture needle is introduced in the 
usual mamier, and about 30 c.c. of cerebrospinal fluid is 
withdrawn, or a quantity that will reduce the intraspinous 
pressure to about 30 or 40 millimeters. This is gaged with a 
3-millimeter glass tube graduated in centimeters and 
millimeters. When the desired pressure is reached, the con- 
nection with the gage is discontinued. The serum-salt mix- 
ture having been poured into a Luer syTinge {large size) 
carrying at the delivery point a sterile piece of connecting 
rubber tubing about 12 inches long, this is now attached 
to the lumbar puncture needle, taking care not to introduce 
any air; the mixture is then permitted to flow gently into the 
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subdural space. The use of the gage is not essential, the I 
only requisite being that the quantity removed equal the I 
quantity introduced; if the patient complains of discomfort, \ 
the further withdrawal of fluid had best be stopped, and the 
mixture introduced before 30 c.c. has been withdrawn. 

The table on page 240 gives the results, in part, of the 
investigations carried out by Swift and Ellis. 

The results are very interesting and instructive. The 
most marked changes were chiefly in the cerebrospinal fluid. 
The serum Wassermann. however, was not greatly changed. 
In the great majority of instances the positive serum reac- 
tion remained positive, and only in three instances was the 
result weakly positive. Regarding the great diminution in 
the pleocytosis, one must be very conser\-ative in ascribing 
the tall in the cell coimt entirely to the result of the intra- 
spinous therapy. Although it is perhaps only partially respon- 
aible for the diminution, the possibility of diminishing the cell 
count by the removal of large amounts of fluid, such as is the 
custom in intraspinous therapy, must not be lost sight of. 
From the serologic point of view, the cases of tabes corre- 
spond to the "Wassermann fast" type described in Part 
in of this volume. Why the globulin content should not be 
influenced in the greater number of instances is not clear, 
in view of the fact that the cell count became, in the majority 
of cases, almost normal. The method of giving intraspinous 
injections was elaborated by Drs. Swift and Ellis, the inten- 
tion being to bring to the cerebrospinal circulation direct 
the arsenic contained in salvarsan. The authors of the com- 
bined method claim that after giving intravenous injections 
alone hardly any arsenic reaches the spinal fluid. 

THE "INTENSIVE INTRAVENOUS" METHOD 
In studying the chemistry of salvarsan and its effects upon 
nucro<irganisras more or less doselj' related to the spiro- 
chetes of s>"philis, it became apparent that when trj-pano- 
somes are treated with small doses of atoxyl, it is possible 
to render them atoxyl-fast. A subsequent dose of atoxyl 
large enough to kill the non-atoxyl-fast trypanosomes will 
have no effect on the atoxji-fast strain. 
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Ehrlich demonstrated that such a strain of trypanosomes 
is still susceptible to the effect of arsenophenylglycin. If 
these trypanosomes are treated with minute doses of arseno- 
phenylglycin, a strain of microorganisms will be produced 
that are atoxyl as well as arsenophenylglycin-fast. This 
strain of trj'panosomes is, however, promptly killed with 
para-amidopheny 1 arsenoxid . 

The significance of the foregoing biologic facts lies in the 
manner in which these spirillocidal chemicals act. They all 
contain arsenic, and can be attached to the trypanosomes 
by either the amido (NHj) or the hydroxy) (OH) group. 
Other groups are spirillotropic, such as the glycin (CH3- 
(N'H,)CO) molecule of arsenophenylglycin, of which perhaps 
the acetic acid radicle plays the important part of the hapto- 
phore group. These facts must be remembered in order to 
form a clear conception of what may occur when patients 
are treated with salvarsan or neosalvarsan. If the Treponema 
pallidimi is capable of becoming salvarsan-fast, what should 
be done, and how can such a phenomenon be demonstrated? 
These questions can be touched upon only superficially, 
and open up a field of experimental possibilities that may, 
in the future, serve as a beacon-light to the exact scientific 
eradication of syphilis. At present one must be content to 
attempt the elaboration of what may serve as a nucleus for 
future workers. 

In the Neurological Institute and from the service of 
the Second Division a method of treatment was devised 
that has given very gratifjnng results in a comparatively 
short time — in some cases in less than one month. The results 
secured, clinically and serologically, were such as to promise 
much improvement in cases that were previously treated 
with salvarsan without being benefited. By this method 
neosalvarsan is given in 0,45 doses intravenously, two days 
being allowed to intervene between injections. Five injec- 
tions are given unless contraindications develop. During the 
two intervening days the patient receives inunctions of mer- 
cury, if necessary. Out of a total of 35, all but one showed 
improvement clinically. Of these 35, only 20 presented them- 
selves for subsequent serologic observation, and of these. 
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only 3 patients retained their plus Wassermann, these ps-l 
tients being paretics in the well-advanced stage. Of these 3 J 
patients, one had a second series of "intensive treatment," 
after which his Wassermann became negative. 

In the treatment of diseases of the nervous system one I 
must bear in mind that the pathologic process caused by I 
syphilis presents two phases: one is the actual disease, whit^ [ 
is an exudative process of greater or lesser intensity: the 
other is the result of the sj-philis, i. e., the production of 
degenerative changes in the nervous system. The therapeu- 
tist must remember that the degenerative process cannot, 
OS the result of treatment, be converted into the normal or 
nearly normal, and it remains for him to do the best he 
can under the circumstances — treat the exudative mani- 
festations of the disease. This treatment has been described 
in the third part of this volume. 

The evanescent palsies, the pains, even the memory de- 
fect, the hand-writing, and the speech of the paretic may all 
be influenced by therapy, which must, therefore, be consid- 
ered in those cases as produced bj' an exudative and not by 
a degenerative process. The Argyll-Robertson pupil, the 
absent knee-jerks, and the Romberg symptom are the 
manifestations of degeneration, and are not, therefore, 
amenable to therapy. 

As the changes that take place In cerebrospinal, cerebral, 
or spinal lues are related to a purely exudative pathology, be 
it meningitic, gummatous, or endarteritic, the results of 
treatment are consequently better than in tabes or in general 
paresis, for in these diseases we are confronted by degenera- 
tive changes in addition to the accompanying exudation. 

As the pleocj-tosis is a fair gage of the extent of the exuda- 
tion, the method of treatment that will render 20 or 30 cells 
normal as well as negativate the positive Wassermann is of 
greater utility than a method that can only reduce the ceil 
coimt of those cases that present a plcocj-tosis of 100 or more. 
The treatment that will convert a positive Wassermann into 
a negative reaction in a patient with general paresis has 
effected a better result than a method that can accomplish this 
only in a case of ordinary tabes or cerebrospinal sj"philis, with- 
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out being able to influence the former disease. The author 
consequently considers the "intensive method" of treatment 
a distinct advantage over other methods of administering 
salvarsan or neosalvarsan, as it shows results clinically and 
serologically superior to any that have come to Ms knowledge 
up to the present time {February, 1914). The following 
table was compiled by Dr. Stephenson, to whom the author 
is indebted for its presentation : 

RESULTS OF "INTENSIVE TREATMENT" 
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+ 
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+ 
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9. 


Kin. 


Pareais. 


+ 


4- 


+ 


63 


1 series! 


+ 


+ 


W.+ 


60 


10. 


Fur. 


Paresis. 


+ 


+ 


+ 


32 


Three 
moDths 
apart. 


W.4- 


W.+ 


W.+ 


32 
34 



The clinical reports show that all the patients but patient 
No. 8 showed improvement. With the exception of the 
paretic cases, the other sj^philogenous ner\'ous diseases 
treated all showed serologic improvement. Paretic No. 10 
showed an improvement in his serology after a second series 
of injections. Considering the limitations that the treatment 
of such diseases are subject to, the results are as good as can be 
ex])ected at present. The possibility of rendering the trj'pan- 
osomes resistant to one dnig, and being able, at the same 
time, to destroy them with an arsenic-carrying chemical sub- 
stance possessing a different spirillotrophic haptophore group, 
was spoken of on a pre\'iou3 page. This phenomenon is de- 
scribed in connection with the various methods of therapy so 



246 SEROLOGY OF NERVOUS AND MENTAL DISEASES 

as to impress upon the therapeutist the possibility of its 
occurrence in the human oi^anism, and with the Trepo- 
nema pallidum. 

The author had the opportunity of treating patients with 
neosalvarsan bj' the "intensive method," and in some cases 
the positive Wassermann could not be rendered negative. 
The possibility of the existence of a neosalvarsan-fast strain 
of microorganisms occurred to the author, and gradually 
increasing doses of salvarsan were given intravenously in a 
second series: the initial dose given was 0.4 gm.; after two 
days' interval 0.45 gm. was given, and so on until 0.6 gm. 
was injected. During the salvarsan-free days the patients 
received two inunctions of mercury daily. The four cases 
thus treated, who all presented a positive Wassermann before 
the salvarsan series, all gave a negative Wassermann reaction 
in the serum : one after two, one after four, and the remaining 
two after five injections. One of the patients improved 
sufficiently to enable him to return to business. All patients 
were clinically paretics. 

The entire subject of treatment of the syphilogenoua 
nervous diseases with salvarsan or neosalvarsan is to be 
regarded as still in the experimental stage. One of the facts 
estabUshed by the modem therapeutist is that mercury can- 
not be dispensed with no matter how brilliant the success 
that attends the treatment with the newer remedies. Sal- 
varsan and substances allied to salvarsan accomplish definite 
purposes, which, although resembling the action of mercury 
to some extent, still do not possess all the curative qualities 
for which mercury is known, so that the greatest success 
will be obtained when the old and the new remedies are 
combined. Enough has been WTitten regarding the subject 
to justify the combined treatment of syphilitic nervous 
diseases, the mercury being used in the form of inunctions, 
and the neosalvarsan being administered intravenously. 
If the desired results are not secured after the patient has 
had a treatment-free period of two weeks, it is advisable to 
institute a series of salvarsan injections, as previously sug- 
gested, and, in addition, prescribe inunctions of mercury 
twice a daj'. This method usually negativates the pre- 
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viously positive Wassermann in the serum and fluid, and, 
as a rule, is followed by clinical improvement. If the patient 
does not respond to this strenuous therapy, an intraspinous 
injection may be given tentatively, and repeated at definite 
intervals until the Wassermann reaction becomes negative. 
As the negativating powers of the intraspinous method are 
not very great, it is sometimes better to permit the patient 
to retain his positive serum Wassermann without treatment, 
so long as his clinical status is good enough to justify such 
a procedure. A watchful eye must, however, be kept on the 
serologic status of such patients, and any return of a pleo- 
cytosis or the return of an excess of globulin is to be promptly 
met by a series of injections. 

POST-SAL VARSAN MANIFESTATIONS 
Local Reaction From Intramuscular and Intravenous 
Injections. — Any irritating effect produced by salvarsan 
can be detected by the subjective complaints of the patient 
and the objective signs at the site of the injection. One of the 
many necroses described in the literature as following the 
use of the drug is pictured in Fig. 20. A lesion produced 
by salvarsan heals with great difficulty; the author had a 
slight scratch on a finger that was brought in contact with the 
drug; this remained painful and did not heal for two weeks. 
Although the irritating properties of the drug may be neu- 
tralized by oil, paraffin, etc., instances are, nevertheless, 
recorded in which necroses occurred, and many cases of 
painful swelling are seen. 

The improper administration of the intravenous injection — 
i.e., the drug being driven into the perivenous tissues — re- 
sults in reactions similar to the intramuscular manifestations, 
and in some instances sloughing may follow. If an improper 
injection has been given, this becomes manifest at once, as 
the perivenous salvarsan infiltration makes itself felt imme- 
diately. Small infiltrations — of a few drops only — will 
result in an arm that will be painful for a few days only 
and a black-and-blue discoloration. Such an arm should not 
receive another injection until the pain and discoloration 
have disappeared. In these cases it may be that the vein will 
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become thrombosed and rendered useless for an inch or more. 
Where many injections are necessarj, it is evident that con- 
servation of the patient's veins is quite important. Many 
patients displaj- veins of which only one or two are suitable 
for receiving the treatment. A black-and-bluc discoloration 
is sometimes produced by an extravasation of blood; this is, 
however, painless, and never causes thrombosis. 

Neurotic patients at times complain of pain in the axilla; 
this lasts only for a short time,— an hour or two,— and 
disappears without special treatment. I 

General Reactions. — (a) Headache. — ^The headache that 
follows the injection of salvarsan is frequently not so much 
the result of the drug as due to the nervousness of the 
patient. Neurotic headaches often occur during the injec- 
tion of the drug, and usually in patients who are getting their 
first salvarsan treatment. In cases of cerebral syphilis, 
where hea<laches are habitual, an aggravation of this symp- 
tom is an unpleasant accompaniment of the therapy, it 
being impossible to decide whether the pain is due to an 
increase in the exudative luetic process or to causes that 
bear no relation to the treatment, such as constipation, 
anxiety, and an empty stomach. The headache due to an 
aggravation of the cerebral process usually occurs in from 
ten to twenty-four hours after the administration of the 
drug, whereas a headache due to other causes manifests 
itself much earlier. 

For this casual occurrence of headache none of the coal- 
tar remedies ought to be prescribed, and it is better to wait 
or to treat the causal condition if any is found to exist. 

(6) Although very rarely a distressing symptom, one ia 
sometimes called upon to treat nausea. A little hot water 
every ten minutes, given largely for its psychic effect, b at 
times sufficient to relieve the condition. Some patients dis- 
play this symptom every time they are injected, whereas 
others, again, manifest it only as a result of many short in- 
terval treatments, as when a series is given. 

(c) V'omiting. — This symptom will at times require a 
hj'podermic injection of i grain of morphin for its relief. 
Hot tea is also useful. The vomiting, as a rule, does not last 
long, and need give the physician no great concern. 
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(d) Diarrhea. — This symptom may at times prove quite 
troublesome, although it is never of an alarming nature. 
The complication is perhaps best met by the use of pro- 
phylactic measures, such as thorough clearing of the bowel 
before treatment by mild catharsis, or by administering a 
small quantity of Epsom salts an hour after giving the 
intravenous injection. These diarrheas occur in patients 
who, as a rule, are not subject to flux, and may even be seen 
in patients who are habitually constipated. If the measures 
suggested fail and the diarrhea is becoming verj' distressing, 
one is justified in resorting to the ordinary methods for its 
relief, such as morphin and atropin or bismuth and chalk. 
Clearing the lower bowel by means of an enema at times 
has the desired effect. 

(e) Chills and Feter. — The chills and fever that formerly 
occuired immediately after injections of salvarsan are very 
rarely encountered at the present time, since freshly dis- 
tilled water is employed in the preparation of the drug. 
They are still less frequently seen when neosalvarsan is 
used. The latter drug gives rise to fewer manifestations 
than does the older salvarsan, the same precautions being 
used. In the author's experience a hot-water bottle and a 
cup of hot tea are all that are required for the relief of this 
condition. The fever is rarely high, although cases are on 
record in which a temperature of 104° and even 105° F. 
was observed, Aspreviouslystated, thesecomplieationsare 
becoming fewer with a better understanding of the technic, 
a more careful selection of patients, and the adoption of 
proper and timely precautions. 

The reaction is usually accompanied by a trace of albumin, 
and rarely by a hyaline cast or cjlindroid in the urine. Where 
the renal reaction is more severe, one must be very careful 
in using the drug again, as a severe nephritis may develop. 

(/) Skin Maniffstntions.—yiothxWiform and scarlatiniform 
eruptions may follow the use of neosalvarsan or salvarsan 
in from two to forty-eight hours, or they may appear as late 
as a week or ten days after the last injection was given. 
The reaction is chiefly a toxic manifestation, and only partly 
a reaction of a syphilitic organism to the introduction of 
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arsenic. These dermatologic maDifestations are usually \ 
accompanied by considerable itching, more or less pro- ' 
Dounced edema, and frequently by fever. The temperatiire 
may rise to 104° or even 105" F. For this complication, 
eliminative therapy is recommended, together with local 
applications of zinc stearate. As the reactions are at times 
very severe, all the precautions necessarj' in acute illnesses 
are to be observed in these cutaneous post-salvarsan mani- 
festations; these include attention to diet, elimination, and i 
stimulation. 

The Herxkeimer Reaction. — This very interesting post- j 
salvarsan manifestation will be discussed at length from 
the neurologist's point of view, the studies of Milian being 
followed in detail: 

The Herxheimer reaction is an inflammatory reaction pro- 
duced in syphihtic tissues through the influence of specific 
treatment. This reaction may manifest itself not only after 
the intravenous administration of salvarsan or neosalvarsan, 
but also after the injection of mereury salicylate, calomel, 
sodium cacodylatc, etc. Every luetic lesion, whether cuta^ 
neous, mucous, or visceral, is capable of reacting in such 
manner. We may have a liver reaction or a renal complica- 
tion, with transient icterus in the former and albuminuria 
in the latter. The nervous system responds similarly. 

The occurrence of the Herxheimer reaction has been vari- 
ously explained by different authorities; e. g., liberation of a 
syphilis-endotoxin causing a hyperemia (Thalmann); exci- 
tation of the treponema by an insufficient dose of the drug 
(Ehrlich, Iversen, Wechselmann, Loeb, etc.). Individual 
irregularities in the vascular tonus {Frankel and Grouven). 
Mercury and salvarsan act in a manner similar to tuberculin 
(Julius Baum). The reaction is comparable to the tuber- 
culin effect in lupus (Richard Kalb). 

The theory regarding the reaction that has gained the 
widest credence is that expressed by Ehrlich, Iversen, 
Wechselmann, Loeb, etc. 

Symptomatology. — The cutaneous reaction is manifested 
by an inflammatory train of symptoms giving rise to edema, 
redness, pain, and even to fever, these usually following 
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the first injection. The mucous patches react In a manner 
similar to the cutaneous. The gummatous formations be- 
come swollen, may ulcerate, and are capable of producing 
considerable exudation. This is particularly important to 
the neurologist, who may have to consider such a reaction 
in a cerebral gumma before advising salvarsan therapy. 

The viscera involved in the sj'philitic process react in a 
manner similar to the cutaneous manifestations; if the liver 
is affected an angiocholitis sets in, and bile-products appear 
in the urine. The author has observed that in cases where 
the patient had an alcoholic history as well as lues of the 
nervous system, the injection of salvarsan would give an 
intense reaction with EhrHch's dimethyl-amido-benzaldehyd 
solution. In some instances the reaction is quite severe, and 
is to be regarded as a toxic manifestation of the salvarsan 
injection. The symptoms are more pronounced, there being 
pains in the limbs, depression, restlessness, lassitude, and 
rapid pulse. Three or four days later the face becomes con- 
gested and red, the redness being not of the usual febrile 
color or of the scarlet red previously spoken of, but of a 
brick-like hue, somewhat resembling the red paint used 
by Indians. At the same time the conjunctivce become 
very much injected, and pinhead-sized extravasations may 
occur in the sclera. The urine is high colored, and shows a 
marked albumin reaction. On the following day the urine 
becomes almost green in color, and at times even black, and 
gives the reaction for bile-pigments. The temperature is 
usually very high, and the general condition of the patient 
is very poor. On the sixth day the redness of the face is 
replaced by a true icteric color, the conjunctivee also becoming 
yellow. 

The liver is small; the spleen is large; the feces are of an 
ashen hue. The patient becomes extremely emaciated and 
very weak. The sjTuptoma gradually abat«, and a crisis 
occurs at the end of about two weeks, when the patient 
begins to void large quantities of urine. 

The Nervous System. — ^The nervous system is more lastingly 
involved in a Herxheimer reaction than is any other portion 
of the body affected by such a process. This is particularly 
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the case where the cranial nerve traverses a rigid bony 
canal, and where opportunities for compression are greatest. 
The facial paralyses that follow a salvarsan injection are 
due to a Herxheimer reaction that manifests itself in the 
I-'allopian aqueduct. The vestibular and cochlear branches 
of the eighth nerve are affected for a similar reason. The 
involvement of the vestibular branch is frequently the cause 
of the vomiting and vertigo that sometimes occur. A M^nifere 
phenomenon may occur after a salvarsan injection. 

In cases of cerebral lues the reaction usually manifests 
itself in the form of severe headaches. In other cases, 
where focal signs exist, the reaction assumes an exudative 
character, producing irritative manifestations and paralj'ses. 
These, as a rule, are transient in character, and usually 
appear after the second injection. In patients with tabes 
the intravenous injection of salvarsan or neosalvarsan pro- 
duces a Herxheimer reaction characterized by severe pains, 
which appear in from one-half to one hour after the injection 
is given. The pains may last for forty-eight hours and may 
not disappear entirely for three or four days. These painful 
reactions require vigorous morphin therapy until the pinch- 
ing exudation affecting the posterior roots disappears. 
These pains may at times be checked by gi^'ing another 
smaller injection of salvarsan. The so-called provocative 
positive Wassermann reaction must also be considered as a 
Herxheimer phenomenon. 

For purposes of differentiation between a Herxheimer 
reaction and a reaction due to arsenic intolerance, the 
following table of Milian is offered: 



1. Reaction bpcomea less marked 

with repeated injections. 
This may in some Qusea re- 
r]uire more than two or three 
injectionB. 

2. As the eyphilia improves the 

reactions oecome less marked. 



Reaction Dvm TO iKTOUEBUtcB. 

. Whether the same dose ia given 
or a larger or a smaller one, 
the subRcqucnt injection pro- 
duces a more marked tone 
effect. 

. Irreapective of the improve- 
ment in the syphilis, the tano 
manifestatioDB remain the 
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4. The reaction is usually accom- 

paoied by a [ileocytosis. 
Where a cellulaf increoae was 
present before the injection, 
thia ia markedly augmented 

5. The WaflHermann reaction re- 

mains unchanged or becomea 
more intensely positive. 

6. The injection of adrenalin has 

no effect whatever on the 



Is not accompanied by a pleo- 
cytosia, nor is the cell count 
ehangei if it was present 
before the injection. 



7. The phenomena attending the 
reaction possess to a certain 
degree the characteristics of 
syphihtic n ■- ■ 



6. An injection of i 

auantity of adrenalin ia cap- 
ble of diminishing the in- 
tensity in a large number of 
caaes due to intolerance. 

7. The reaction differs from any 

symptom usually found in 
syphilitic phenomena. 



THE AMINO (NH,) NITROGEN CONTENT OF SERA 

The results obtained with the quantitative estimation of 
the alpha NHi nitrogen of the aliphatic acid group of sera 
from sj'phihtie and non-syphilitic patients make it desirable 
to insert here a brief description of this chemical test: 

Rationale. — On a previous page the spirillotropism of 
salvarsan and neosalvarean was spoken of. It was demon- 
strated tliat there are certain chemical groups that act as 
haptophores (anchoring or prehensile), which render the two 
drugs of great therapeutic importance. These groups may 
be the OH or the NH, or the (CHOOSNa side-chains of sal- 
varsan or neosalvarsan. The fact that the Treponema palli- 
dum anchors these drugs through these chemical side- 
chains led the author to seek to ascertain the effect, if any 
occurred, of the sojourn of the treponema in the human body 
upon the chemical constituents of the serum having similar 
ade-chains. The many chemical substances forming the 
blood-^erum molecule are chiefly amino-acids, of which the 
simpler ones are the following: 

Alanin, or alpha-amino-propionic acid: 

CH, 



OOOH 



« 



254 SEROLOGY OF NEBVOUS AND MENTAL DISEASES 

Leucin, or alpha-amino-isobutyl-^acetic add: 

CH, CH, 




Asparaginic acid, or amino-sucdnic add: 

OOOH 

CH(NH,) 

CH, 

COOH 

T^rosin, or para-oxyphenyl-alpha-amino-propionic add: 

OH 

HC CH 
HC CH 

\c/ 

CH, 

CH(NHa) 
OOOH 

Glutaminic acid, or alpha-amino-glutaric acid: 

COOH 

CH(NH,) 

CH, 

CH, 

OOOH 

The tropism that exists between a certain drug and a 
given microorganism was extensively studied by Ehrlich 
and his pupils, and resulted in the formulation of a hypoth- 
esis, previously referred to; i. e., "Corpora rum agunt nisi 
fixata" The possibility of analyzing quantitatively the 
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alpha-ami no-nitrogen of the aliphatic acid radicle of the 
amino-acids composing the scrum molecule was introduced 
by Donald van Slyke, whose method will here be given: 
Technic— 

(o) Heagents: (1) Glacial acetic acid. 

(2) 300 grams sodium nitrite in 1000 
c.c. of distilled water. 

(3) Potassium permanganate, 50 
grams; potassium hydoxid, 25 
grams, dissolved in 1000 c.c. of 
distilled water, 

(6) Apparatus: This consists of a special receptacle 

for the liberation of the amino-nitrogen from 

the serum to be analyzed, and is provided with 

four stop-cocks. 

A measuring buret with the top 1^ c.c. graduated 

into hundredths. 

A 200 c.c. leveling wafer bulb, pear shaped. 

A Hempel pipet, and a connecting glass tube. 

Preparation of Apparatus for Use. — Having joined the 

various parts of the apparatus, as shown in the acoom- 

panjing illustration (Fig. 31), fill the Hempel pipet with 

the potassium permanganate solution so that the lower 

bulb will be entirely full and the upper one only half-full. 

Fill the pear-shaped water reservoir with distilled water; 
turn stop-cock 2 so that it communicates with the waste and 
with the measuring buret only; in other words, with the 
short limb of the bore in the stop-cock pointing to the buret. 

Turn stop-cock 3 so that it communicates with the cross 
tube of the nitrogen-separating receptacle b. Raise the water 
bulb slightly higher than the buret, pour in sufficient water 
to fill the buret, and leave the water bulb about half-full. 
Turn cock 3 neutral. Lower the water bulb. 

Now turn cock 3 so that it communicates with the Hempel 
pipet. The permanganate will flow into the buret. Turn 
cock 3 neutral. Quickly communicate cock 3 with the waste, 
raise the water bulb, and rid the buret of the permanganate. 
Turn cock 3 neutral again, and cock 2 so that it communi- 
cates with the waste, but not with the buret, i. e., with the 
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short limb of the bore to the left, pointing to the nitrogen- 
liberating receptacle b. The apparatus is now ready for use. 

As the aodium nitrite is rarely absolutely pure, it is there- 
fore necessary to perform a preliminary test to ascertun tbe 
amount of non-absorbable gas present in the chemical. 

Turn stop-cock 1 neutral and pour into a glacial acetic 
add up to mark 10. Turn cock 1 so that the acid will flow 




Fig, 31. — Schematic diaftram of the apparatus. 

into b, and turn stop-cock 1 again neutral. Four into a 
enough of the nitrite solution to fill it up to mark 40, and per- 
mit it to flow into 6 by turning the cock 1. During this 
operation cocks 4 and 5 must be in the neutral position. 
As soon as all the sodium nitrite solution is out of part a 
cock 1 ia turned neutral and the motor started. The com- 
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bination of glacial acetic acid and the nitrite solution causes 
a rapid formation of NO gas, which forms the brownish 
fumes that escape through the waste. The motor shakes the 
gas-separating receptacle and fills the entire apparatus 
with NO gas, driving off the air present in the apparatus. 
Having effected the filling of the apparatus with NO gas, 
the motor is stopped, and stop-cock 1 is opened again. 
Now turn stop-cock 2 in the neutral position, pointing with 
the short limb of the bore upward, and start the motor again. 
This causes the liquid to rise gradually into part a, and 
when it reaches mark 40 the motor is stopped and cock 1 
turned neutral. The stop-cock 3 is turned so that it com- 
municates with the cross tube from the gas-liberating part; 
this causes the water in the buret to fall 4 or 5 inches, which 
is caused by the NO in b. 

The apparatus is now ready either for the determination 
of the amount of amino-nitrogen in the serum or for the 
correction of the nitrite solution. 

Correction of the Nitrite Solution. — With the apparatus in 
the position just outlined, pour 10 c.c. of shghtly warmed 
distilled water into part c of the apparatus, and. by gently 
turning stop-cock 4, allow the water to flow into 6, being 
careful not to permit the least amount of air to enter com- 
partment b. Stop-cock 4 is turned neutral, and the motor 
started. The shaking is continued for exactly five minutes, 
during which time the gases formed lower the water column 
in the buret. At the end of five minutes' shaking atop the 
motor, and after waiting two minutes open stop-cock 1, 
permitting the fluid in a to empty into b, thus driving all the 
gas into the buret, d. Do not permit any of the fluid to flow 
into the buret. Having driven over all the gas, turn cock 3 
into the neutral position. Raise the water bulb above 
the buret, and turn cock 3 so that it communicates with the 
Hempel pipet. This causes the gas to flow into the Hempel 
pipet, during which the apparatus must be watched closely, 
as the NO gas may not be absorbed as rapidly as it flows 
into the permanganate solution; it is. therefore, necessary 
to shake the pipet occasionally, a proceeding that is required 
more often as the permanganate solution ages. The solution 
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may be used for about a dozen tests, when it ought to be re- 
placed with fresh solution. 

Having driven over all the gas aa well as a little distilled 
water (about 0.5 c.c), stop-cock 3 is turned neutral and the 
water bulb lowered. Shake the Hempet pipet vigorously 
for two minutes, and then open cock 3 again, so that the 
permanganate will flow over to the buret. Having collected 
the gas over the water, cock 3 is turned neutral again, 
and the amount of gas present is ascertained. Some samples 
of nitrite solution give as much as 0.4 c.c. of unabsorbable 
gas, a fact which must be taken into consideration when de- 
termining the amount of amino-nitrogen present in sera. 
The amount of impurity in the nitrite is known as the cor- 
rection number. 

Testing Sera for the Amino-nitrogen. — To perform this test 
2.5 c.c. of the patient's serum is placed in an Erienmeyer flask 
and precipitated with 25 c.c. of 95 per cent, alcohol. This 
is allowed to remain at room temperature overnight, and 
the next morning it is filtered. The filtrate is collected in a 
porcelain dish, and evaporated over a water-bath, being 
careful not to secure complete drjTiess. Dissolve the mass 
in about 10 c.c. of boiling distilled water, when it is ready for 
the determination in the van Slyke apparatus. 

The process of determining the amino-nitrogen in the 
serum is the same as that followed for the determination of 
the impure gas in the nitrite solution, the dissolved evapor- 
ated filtrate taking the place of the water poured into c. 
The calculation is made according to the table compiled by 
Gatterraann, in his book,"Praxisde3 organjschen Chemikers," 
ninth edition. The entire reaction depends upon the chem- 
ical fact that aliphatic amino-groups react with nitrous 
acid according to the following equation: 

RNH, + HNO. = ROH + H,0 + N. 

The nitrous acid decomposes with the formation of NO. 
This NO is made use of in this reaction to drive off all the tur 
from the apparatus. Later it is completely absorbed by the 
permanganate solution, and the gas obtained in the buret is 
the correction number together with the amino-nitrogen in 
the patient's serum. 
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In the determination of the quantity of nitrogen gas the 
temperature and barometric pressure must be taken into con- 
sideration, and for this purpose the table of Gattermann, on 
p. 259, is utihzed. The figures in that table represent the 
weight of amino-nitrogen in milligrams, which corresponds 
to 1 cm, of nitrogen gas as obtained by the action of nitrous 
acid, and measuring the gas over water at the given tem- 
perature and pressure. As the result obtained is that for 
moist nitrogen, the figures obtained must consequently be 
divitled by two. 

From an analysis of over 1000 sera from various cUnical 
conditions, the author reached the conclusion that when the 
amino-content in 100 c.c, of serum is 2,8 milligrams or more, 
it is then to be regarded as normal; when it is more than 2,3 
and less than 2.8, it is to be considered as doubtful, and an%- 
amount less than 2.3 milligrams is to be regarded as sug- 
gestive of sj-philis. 

This reaction was not devised as an additional test for 
sjTiIiilis, but was established as a means of weeding out 
occasional conflicting positive Wassermann reactions ob- 
tained in patients who denied and who did not present any 
clinical evidence of the existence of sj'philis. 

In giving the results obtained with this quantitative chem- 
ical method, the findings obtained in the third communica- 
tion, together with Dr. J. E. McClelland, will be tabulated, 
N. Y. Med. Jour., Nov. 22, 1913. The material was divided 
into six groups: 

Group 1 : Patients who did not present clinical evidence of 

sj'philis, who were not treated, and who gave a 

negative Wassermann In the serum — in all, 117 

cases. 

Amino-nitrogen diminished in 20 cases, or 17.6 per cent. 

Amino-nitrogen normal in 94 cases, or 80.3 per cent, 

Amino-nitrogen doubtful in 3 cases, or 2.1 per cent. 

Group 2: Patients who showed no clinical evidence of lues 

were not treated, and gave a positive WtfBser- 

mann In the senim — 12 cases, 

Amino-nitrogen diminished in 3 cases, or 25.0 per cent, 

Amino-nitrogen normal in 9 cases, or 75.0 per cent. 
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Group 3: Lues clinically present; patients were not treated 
and gave a positive Wassermann in the serum — 
40 cases. 

Amino-nitrogen diminished in 36 cases, or 90.0 per cent. 

Amino-nitrogen normal in 3 cases, or 7.5 per cent. 

Amino-nitrogen doubtful in 1 case, or 2.5 per cent. 

Group 4: Lues clinically present; patients were not treated 

recently, and showed a negative Wassermann 

serum— 32 cases. i 

Amino-nitrogen diminished in 26 cases, or 77.0 per cent. 

Amino-nitrogen normal in 6 cases, or 23.0 per cent. 
Group 5: Lues clinically present, treated, showed a positive 
serum Wassermann — 7 cases. 

Amino-nitrogen diminished in 3 cases, or 42.87 per cent. 

Amino-nitrogen normal in 2 cases, or 28.65 per cent. 

Amino-nitrogen doubtful in 2 cases, or 28.65 per cent. 
Group 6: Lues clinically present, treated, Wassermann 
reaction in serum negative — 21 cases. 

Amino-nitrogen diminished in 8 cases, or 38.0 per cent. 

Amino-nitrogen normal in 13 cases, or 62.0 per cent. 

From the foregoing exposition it is clearly evident that a 
positive Wassermann reaction in a patient exhibiting no 
clinical evidence of lues can be checked if an estimation of 
the amount of amino-nitrogen in the patient's serum is 
made. This is shown by the results obtained in Group 2. 
It may be stated that such occurrences are verj' few, and, 
as a rule, a positive serum Wassermann when present means 
lues; it cannot be denied, ne^'crtheless, that a certain percent- 
age of errors, as in Group 2, cannot be entirely avoidetl. The 
author would suggest, therefore, the adoption of the foregoing 
chemical analysis for the entire weeding-out of unexpected 
positive serum Wassermann reactions. 

The Amino-nitrogen Ctnttent of Lttetic Sera. — The vast 
majority of sj^philitic material that came under the ob- 
servation of the author showed a diminished amount of 
amino-nitrogen. This is, perhaps, dependent upon a hy- 
pothesis, suggested elsewhere, that in order to live and 
propagate, the treponema requires a certain amount of this 
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nitrogen as food. The NH, side-chain in the serum molecule 
is taken up in a manner similar to that by which the NHi is 
probably anchored from the aalvarsan or neosalvarsan, and 
when one stops to consider the structure of these anuno-acids 
and the drugs used to introduce arsenic into the economy 
of the treponema. one can readily observe the similarity of 
structure. The NHj molecule in both is a side-chain, and 
not an essential part of the real nucleus of the substance. 

The amino-nitrogen of sj^philitic sera is diminished in over 
90 per cent, of untreated syphilitic patients, and as the 
system is more or less freed from the treponema there is a 
tendency for the amino-nitrogen to increase in amount. If a 
given serum does not show a normal content of amino-nitro- 
gen, regardless of the negative serum Wassermann, it may be 
taken as a sign that the microorganisms are still present in 
large numbers. It must also be remembered that this reac- 
tion has nothing in common with the Wassermann test, the 
latter being purely biologic, whereas the former is a chemical 
test, easily controllable, and having a definite chemical basis. 

Tke Amino-nitrogen Content of Non-luetic Srra. — From a 
review of the entire material on the subject, it became ap- 
parent that only 7 per cent, of the clinical and biologic non- 
luetic cases gave a diminished amino-content in the serum. 
Regardless of the negati\'e history and absence of signs, a 
number of cases that showed diminished amino-nitrogen 
subsequently returned with unmistakable sjTnptoms of 
syphilis. Among the 1142 sera analyzed, 12 gave a positive 
Wassermann in the absence of clinical e\ndence of syphilis. 
Of these 12, 3 showed a diminished amino-nitrogen content, 
and of these 3 patients, 2 returned with luetic skin lesions. 
The positive Wassermann error is reduced to less than 1 
per cent., which is the degree of inaccuracy secured in the 
author's hands for the year 1912-13. The last seven months 
of 1913 gave a percentage of error estimated at 0.5 per cent. 
With amino-control this error was reduced to 0,1 per cent. 

Further studies with this reaction are being made, and 
will cover a larger range of clinical entities, the material here 
considered having been gathered largely from neurologic 
cases, as the original communications will show. 
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General Conclusions 

The technology of the subject of nervous and mental 
diseases as here discussed includes the methods pursued by 
the author and those that have proved of distinct value in 
the progress of this subject. 

The serology of the negative types (non-luetic diseases) 
is very instructive, showing that a pleocytosis may occur 
even without sj-philis, and helping to differentiate those 
that are caused by syphilis. The most benefit will be gained 
from a study of the serology of the sj-philogenous diseases 
of the nervous system, where diagnostic, therapeutic, and 
prognostic information may be secured. 

The section on Salvarsan is a practical exposition of the 
subject, giving, besides the ordinary methods as gathered 
from the literature, also such new methods as have proved 
of utility in the treatment of ner\'oU3 diseases due to sj-ph- 
ilis. It may be repeated here that the treatment of sj'philitic 
nervous diseases by salvarsan and neosalvarsan is still in 
the experimental stage. We are advancing gradually to 
that stage of therapy where a retrospect will show how 
far we are from possessing a therapia sterilisans magna. 
To guarantee a cure to the patient suffering from a syphilitic 
nervous disease, and even to state a time when this will be 
accomplished, will not be the practice of a conscientious 
physician: all that can be accomplished today is to effect an 
amelioration of the active and painful manifestations. 
Occasionally a fixed pupil wiU become mobile or the memory 
defect may disappear, but no promise of these things can 
as yet be held out by physicians to their patients. 

Sj-philis itself and its active manifestations will be in- 
fluenced by salvarsan, but the outcome of syphilis, what- 
ever this may be, still remains svb judire. Our chief efforts 
today are directed toward removing active manifestations, 
and thereby minimizing the formation of permanent tissue 
changes. These manifestations in sj-philitic diseases of the 
nervous system can be determined by proper serologic in- 
vestigation. 
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instruments required, 215 
intensive, 242 
Iversen-Wolbarst apparatus 

for, 219 
Kaplan's apparatus for, 216 
reaction from, 247, 248 
preparation of, 219 
add solution, 210 
alkaline solution, 210 
neutral emulsion, 211 
oil and paraffin mixtures, 212 
patient for injection, 222 
properties of, 208 
techAic of injection, 223 
then^utic use, 201 
toxic effects, 234 
water error in use of, 234 
Scleroderma, 115 

Sclerosis, amyotrophic lateral, 104 
combined, 101 
lateral, 100 
multiple, 105 
Secretion, internal, disorders of, 

116 
Senile dementia, 121 

spastic paraparesis, 101 
Serologist, attitude of, on Wasser- 
mann reaction, 78 
Serology, 47 

Serum, amino-nitrogen content of, 
253 
preparation of apparatus for 

use, 255 
rationale, 253 
technic, 255 
testing for, 258 
non-leutic, amino-nitrogen con- 
tent of , 262 
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^^H Sippy-Moody reaction for det«r- 






form, 171 


^H fluid. 28 




^^H Bkin manifcstatioDB after injefitioii 


171 


^^H of BBlvarsao, 240 


gummatous fonn, 170 


^^V Softening, cerebral, 9S 


meningitic form, 170 


^^ ^mamophilic rtat«8, 113 


cerebroHpinaJ. 152 




aceUular type, 159, 170 


epinal, 100 


general paresiH and, rdatioo. 




156 


Spinal column, tumors of, 109 




cord, diseases of, 100 


190 


tmnore of, 107 


interreiationship, 165 


fluid. See also Cerdn-ospinai 




fiuid. 


rology and course of, 160 


meningitiB, bypertrophic lami- 


negative spinal fluid typ^ 


nated, 94 


157 




Plant type, 157, 167, 168, 


syphilis, 172 


170 




poeitive spinal fluid ^rpe, 166, 


Staining tissue, technic of, in gen- 


167, 170 


erai paresis, 175 


r&umiS, 167 






used as antigen in Waasermann 


ferentiation, 190 


reaction, 71 


Detre and Brezovaky's reaction 


1 of anti-aheep amboceptor, 62 


in, 74 


together nitti antigen and 


early, 197 


normal serum, 63 


significance of, 197 


of hemolytic amboceptor, 62 


Hechfs reaction in, 74 




Klausner'a reaction in. 75 


Step-ladder curve in geno^ pare- 


Noguchi reaction in, 73 


ns, 186 


of brain, 170 


Stem's modification of Waaser- 


Forges and Meier'a reaction in, 


mann reaction, 74 


74 




Forges and Salomon's reaction 


St. Vitus' dance, 114 


in, 76 


Subarachnoid space, 18 


aalvarsan in, 201. See also Sa^ 


Swift and Ellis' combined method 


vanan. 


of injecting eaJvarsan, 241 


spinal. 172 


Symmetric gangrene, 115 


Stem's reaction in, 74 


Syndrome, Korsakoff, 124 


Tschemi^ouboff'a reaction in, 


^T)hilis, arsacetin in, 202 


74 


atoxy! in, 201 


Wassermann reaction in, 47. 


Bauer's reaction in, 73 




Boas' rcaj^tioD in, 74 


Syphilitic serum, amino-njtnigen 


Brownbg's reaction in, 74 


content of, 261 


cerebral, 170 

1 


Syringomyelia, 106 ^^^1 
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Tabbs darsalis, 132 

general paresis and, serologic 
interrelationship between, 
149 
hyperlymphocytic type, 134, 

135, 160 
influence of therapy and se- 
rology on clinical course of, 
145 
juvenile, 142, 150 
monosymptomatic, 143 
negative t3rpe, 136, 150, 151 
absolute, 138, 150 
relative, 137, 138, 150 
penile crisis in, 145 
r^sum^, 150 
usual serologic type, 134, 

150 
Wassermann fast, 138, 150 
Taboparesis, 149 
cerebrospinal syphilis and, sero- 
logic dififerentiation, 190 
gold chlorid curve in, 186 
Technology, 17 
Test. See Reaction. 
Tetrabromarsenophenol, 204 
Tetrachlorarsenophenol, 204 
Ther^ia sterilisans magna, 207, 

213, 214 
Tlierapy, influence of, on serology 
and clinical course of 
tabes, 145 
and course of cerebrospinal 

syphilis, 160 
of general paresis, 193 
ThrombosiB, cerebral, 96 
Tissue staining, technic of, in gen- 
eral paresis, 175 
Toujoxnrs en retard, 119 
Toxic effects of salvarsan, 234 

psychoses, 123 
Transparency of cerebrospinal fluid, 

25 
Traumatic psychosis, 126 
Treatment, influence of, on serol- 
ogy and clinical course of tabes, 
145 



TVeatment, influence of, on serol- 
ogy and course of cere- 
brospinal syphilis, 160 
of general paresis, 193 
TVqxmema pallidum in general 
paresis, 173 
detection, 174 
distribution, 174 
TVimble-Fox apparatus for intra- 
venous injection of salvarsan, 
218 
Tschemogouboff's modification of 

Wassermann reaction, 74 
Tubercle bacilli in cerebrospinal 

fluid, search for, 45 
Tuberculosis, infective exhaustive 

psychoses in, 125 
Tuberculous meningitis, 87 
Tumors, cerebral, 96 
of spinal column, 109 
cord, 107 
Typhoid fever, infective ezfaaustive 
psychoses in, 125 
meningitiB, 87 
Tyrosin, 254 

Uremia, 128 

Uremic intoxications, 128 

Urotropin in cerebrospinal fluid, 32 

Vabotrophic disorders, 115 
Vein, puncture of, technic, 50-53 
Vomiting after injection of salvar- 
san, 248 

Wabbkrmann fast phencnnenon, 
theory of, in general paresis^ 
176 
tabes, 138, 150 
reaction, alcoholic tissue antigens 
in, 69 
antigen in, inhibitory sub- 
stances used as, 72 
preparation and properties, 
65 
attitude of serologist and, 79 
Bauer's modification, 73 
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Waasennann reaction, Boas' modi- 
fication, 74 

Browning's modification, 74 

chemicals for, 56 

collecting blood for, 53 

complement for, 57 

controls in, 75 

Detre and BresovBksr's modi- 
fication, 74 

development of, 47 

Hecht's modification, 74 

honolytic amboc^tor for, 
pr^Muration and properties, 
59 

history of, 47 

inhibitory substances used as 
antigens in, 72 

instruments for, 54 

modifications of, 73 

Noguchi's modification, 73 

on cerebrospinal fluid, 78 

performance of, 77 

rationale and specificity, 56 

reagents for, 56 
technic of preparation, 57 



Wassermann reaction, specificity, 
56 
standardization of an eictract 

to be used as antigen, 71 
Stem's modification, 74 
TschemogoubofTs modifica- 
tion, 74 
watery luetic fetal liver extract 
for, preparation of, 68 
Water enor in use of salvarsan, 234 
reaction of Klausner in syphilis, 
75 
Watery luetic fetal liver extract, 
preparation of, for Wassermann 
reaction, 69 
Wolbarst-Iveroen apparatus for 
intravenous injection of salvar- 
san, 219 

XAtrrHOCHBOMiA, 24, 171 

Zaloziecki reaction for determin- 
ing protein in cerebrospinal 
fluid, 30 
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Garrison's 
History of Medicine 

History of Medicine. Witli Medical Chronoiogy, Biblingrapliic 
Data, and Test Questions. By Fielding H. Gakkison, M. D., Prin- 
cipal Assistant Librarian, Surgeon-General's Office, Washington, D. C. 
Cloth, $6.00 net ; Half Morocco. $7.50 net. 

JUST ISSUED- THE BAEDEKER Of MEDICAL HISTORY 

The work begins wiih ancient and primitive medicine, ami carries yrm in a 
most interesting a.nd inslruilive way on Ihrniifjh I-'gypiian medicine. Sunierifln 
and Oriental medicine, Greek medicine, the Uyzantine period ; the Mohammedan 
auid Jewish periods, the Medieval period, the period of the Renaissance, the Re- 
vival of learning and the Reformation ; the Seventeenth Cenliiry (ihe age of indi- 
vidufti scientific endeavor), the Eighteenth Century (the stae of theories and 
systems), the Nineteenth Century (the beginning of organized advancement of 
science), the Twentieth Century (the beginning of organized preventive medicine). 
Vou get all the important facts in medical history ; a biej^apliic dictionary of the 
makers of medical historj-, arranged alphahebcally : an album oi medi.al par/raiti ; 
a complete mfiiical chreHohgy (data on diseases, dnigs. operatiimH, etc.): a brief 
survey of the iocialand cuiturai phau-s of each period. 
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Musser and Kelly on 
Treatment 

A Handbook of Practical Treatment. By 82 eminent spedalists. 
Edited by John H. M.usser, M. D., and A. O. J. Kelly. M. D.. Univer- 
sity of Pennsylvania. Three octavos of 950 pages each, illustrated 
Per volume: Cloth, $6.00 net; Half Morocco, S7.50 net. Siidurifi- 
tion. ^1 

IN THREE VOLUMES ^| 

A PRACTICE FOR QUICK REFERENCE AND DAILY USE ^1 

Every chapter in this work was written by a specialist of unquestioned authority. 
Not only is drug therapy given but also dielotherapy, serum therapy, organo- 
therapy, rest-cure, exercise and massage, hydrotherapy, climalology, electro- 
therapy, .r-ray, and radial activity are fully, clearly, and definitely discussed. 
Those measures partaking of a surgical naltire have been presented by rurgesmi. 
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DIAGNOSIS AND TREATAfENT. 



Cabot's 
Differential Diag(nosis 

Differential Diagnosis. Presented liirousjh ;iii Analysis of 3S5 

Cases. Hy Richard C. Cabot, M. D., Assistant Proressor of Clinical 

Medicine, Harvard Medical School, Boston. Octavo of 764 pages, 

illustrated. Cloth, 85.50 net 

THE NEW (2d) EDITION 

EIGHT LARGE PRINTINGS 

Dr. Cabot's work takes up diagnosis from the point of view of the pratttting 
sympiom — the symptom In any disease nhich holds the fore^jround in the clinical 
picture ; the principal complaint. It groups diseases under these symptoms, and 
points the way to proper reasoning in coming to a correct diagnosis. It works 
backward from each leading symptom to the actual organic cause of the symptom. 
This the author does by means of case-teaching. 



Chu. l^nUJI Gf«eiM, M.D., UiiaersUy 0/ MinifMa. 

" ll a one ol the nio;t valuable books that has tieen putilished in 
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Morrow's Diagnostic and 
Therapeutic Technic 

Diagnostic and Therapeutic Technic By Albert S. Morrow, 
M, D., Adjunct Professor uf Surgery, New York Polyclinic. Octavo 
of 775 pages, with 815 original line drawings. Cloth, ^5.00 net. 
JUST THE WOItK FOR PRACTITIONERS 

Dr. Morrow's new work is decidedly a work for you — the physician engaged 
in general practice. It is a work you nceU because it tells you just how to perform 
those procedures required of you every day, and it tells you and shinvs you by 
clear, nfj- line-drawings, in a way never before approached. It is not a book on 
drug therapy ; it deals alone with physical or mechanical diagnostic and thera- 
peutic measures. The information it gives is such as you need to know every 
day— transfusion and infusion, hypodermic medication. Rier"s hyperemia, explora- 
tory punctures, aspirations, anesthesia, etc. Then follow descriptions of those 
measures employed in the diagnosis and treatment of diseases of special regions or 
organs: proctoclysis. cyEtoseopy, etc. 
Journal Ansrican MmHcbI Auod&tioa 
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Faught's Blood-Pressure 

Blood - Pressure from the Clinical SLandpoint. By Fkancis A. 
Faught, M. D., formerly Director of the Laboratory of Clinical Medi- 
cine of the Medico-Chirurgical College <.>( I'liiiaiieipliia. Octavo of 281 
pages, illustrated. Cloth, J 3. 00 net. 

WRITTEN SPECIALLY FOR THE PRACTITIONER 

Dr, Faughl's book is designed for pmclical help at ihc bedside. It meets Uie 
urgent needs of the general practitioner, who heretofore had no book lo whidi to 
turn in case of emergency. Every effort has been made to provide here a practice] 
guide, full of information of a clinical nature, and presented in a way readily 
available for daily use by the busy man. Besides the actual icchnic of using the 
sphygmomanometer in diagnosing disease. Dr. Faught has included a biid 
general discussion of the process of circulation. The wonderful strides made in 
our knouledge of blood- pressure, and the practical application of sphygmomaoo- 
metric findings within recent years, make it imperative for ever)- medical man to 
have close at hand an up-to-date work on this siibject. 



Anders (b Boston's Medical Diagnosis 



AText-Bookof Medical Diagnosis — By James M. Anders, M.D, 
Ph.D., LL.D., Professor of the Theory and Practice of Medicine and o( 
Clinical Medidne, and L. Napoleon Boston, M.D., Adjunct Professor 
of Medidne, Medico-Chirurgical College. Philadelphia, Octavo of 1 17s 
pages, with 443 illustrations, a number in colors. Cloth, ^6.00 net; 
Half Morocco, $7.50 net. 

THE MODERN DIAGNOSIS 

This new work is designed expressly for the g^eneral practitioner. Tte 
methods given are practical and especially adapted for quick reference. Tlie 
diagnostic methods are presented in a forceful, definite way by men who ha.it 
had wide experience at the bedside and in the clinical laboratorj-. 
Th« Madical Reconl 

" The assiiciinion in Its authorahip of s celebrated clinicUn and a well-known labotalotj 
^torker is moat forlunate. II mtul long uccupy ■ prc-eminenlposuon. ' 




PRACTICE OF MEDICINE 



Ward's Bedside Hematolo^ 

Bedside Hematology. By Gordon R.Ward. M.D., Fellow ot the 

Royal Society of Medicine. London, England. Octavo of 400 pages, 
illustrated. 

JUST OUT— INCLUDING VACCINES AND SERUMS 

Dr. Ward's work is designed to be of ser\iceto the man in general practice. 
It gives you the exact technic for obtaining the blood for examination, the making 
of smears, making the blood-count, finding coagulation time, etc. Then it takes 
up each disease, giving you the synonyms, definition, nature, general pathology, 
etiology, bearings of age and sex. the onset, symptomatology (discussing each 
symptom in dclail), course of the disease, clinical varieties, complications, diag- 
nosis, and treatment (drug, diet, rest, vaccines and serums, .r-ray, operation, etc.). 
There is a special chapter devoted to the medical trealmcnt of hemorrhage, giving 
you the exact doses of the various drugs indicated, and the methods of iheir 
administration, the s--rum freatmenf, transfusion, etc. Another chapter is devoted 
to the value of blood findings in surgical diii^osis, pointing out their value in 
difTerenliating benign from malignant growths, infectious from other diseases. 
appendicitis from typhoid fever. The final 30 pages are given over to a summary 
of the blood conditions in the various diseases, arranged alphabetically. 



Smith's What to Eat and Why 

What to Eat and Why. By G. Carroll Smith, M.D.. Boston. 
i2mo of 312 pages. Cloth, $3.50 net. 

FOR THE PRACTITIONER 

^^'ith this book you no longer need send your patients to a specialist to be 
dieted — you will be able to prescribe the suitable diet yourself just as you do 
other forms of therapy. Dr. Smith gives the " why " of each statement he 
makes. It is this knowing why which gives you confidence in the book, which 
makes you feel that Dr. Smith kHows. 

PenniylvBiiiB Medical Journal 

■■All tliniuch ihisbook Dr. Smith h.TS ari.ieil i.. his dielflic hinls a gte.il many valual.koncs 

Slade's Physic&I Examination and Diagnostic Anatomy 

Ph-^sicalExaminationandDiacnostic Anatomy.— By CHAKLesB. Slade, M.D., 
Chief of Clinic in General Medicine, University iind Bellevue Hospiul Medical College. 
i2iiK> of 146 pages, illustrated. Cloth, ^i.zj net. 

.. "F". .5™.'°, _9 ?•"! . ™'. i an_ princpuD p _j^c 
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SAUXDEIiS' BOOKS ON 



Bastedo's Materia Medica 

Pharmacology, Therapeutics, Prescription Writing 
Materia Medica, Pharinacoio^y, Therapeutics, and Prescriptioii 
Writing. By W. A. Bastedo. Pii. D., M. D., Associate in Pharma- 
cology and Therapeutics at Coiumbia University, New York. Octavo 
of 602 pages, illustrated. Cloth. S3. JO net. 

REPRINTED IN FIVE MONTHS 



Dr. Bastedo's discussion of his siibje 
take the pharmacologic action of the drug, 
local action on the skin, mucous membrai 
drug is obsorbed, If ai all — and ho* rapidly, 
circulator^' organs, respiratory organs, 
you how the drug is changed in the body, 
and in what form. It jiives you the actio 

bowels, lungs, and mammary glands during elimination. It gives you the after- 
effects. It gives you the unexpected — the unusual — effects. It gives v 
tolerance — habit formation. Could any discussion be more complete, 
thorough ? 

Bofton Medical and Sur^cftl Journal 

" tu aim througboul a iherapeutic nnd praclical. isthrr than thromic and pha.rRii 
The Ten ii illuslraled with sii'y well-cliosen plates and cuts. Il should prove ■ um 



is very complete. As an illustrabon. 
It gives you the antiseptic action, the 
, and the alimentary tract ; where the 
It gives you the systemic action on the 
js system, and sense organs. It tells 
It gives you the route of elimination 
the kidneys, bladder, urethra, skin, 
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McKenzie on Exercise in f 
Education and Medicine 

Exercise in Education and Medicine. Ry R. Tait McKenzie, B.A.. 

M. D., Professor of Physical Education and Director of the Department, 
University of Pennsylvania. Octavo of 393 pages, with 346 origitui 
illustrations. Clotii, f 3.50 net. 

D. A. Sargeant. M. D.. Director 0/ Hemaway Gymmuiim. Hatvant L7mi—nify. 



eiperl. ll should be in the hands of e*ery physical ei 

Bonney's Tuberculosis 

'ri.TRERC(T[«sis. By Shlkman (i. Bonnev, M. D.. Professor of Medi- 
cine, Denver and Gross College of Medicine. Octavo of 955 pages, with 



MaiylBiid Medical Journal 



;I ; Half Morocco, ^8.50 net. 
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THE PRACTJCE OF .\fEDICL\E 



Anders' 
Practice of Medicine 



A Text-Book of the Practice of Medicine. By James M. Anders, 
M!D., Ph. D.. LL. D., Professor of the Practice of Medicine and of 
Clinical Medicine, Medico-Chirurgical College, Philadelphia. Hand- 
some octavo. 1335 pages, fully illustrated. Cloth, ^S.JO net; Half 
Morocco. S7.00 net. 

JUST READY— THE NEW (Mft) EDITION 

The success of this work is no doubt due lo the extensive consideration given 
to Diagnosis and Treatment, uniier Ditfercntiul Diagnosis the points of distinction 
of simulating diseases being presented in tabular form. In this new edition 
Dr. Anders has included all the most important advances in medicine, keeping 
the book within bounds by a judicious elimination of obsolete matter, A great 
many articles have also been rewritten. 

W111.E. Qu{iMi.M.D.. 

Profisisr of MedUiHi and Ctinkat Medicine. Coihgt of Pk^idans and Sargettu, CKicagi. 
'■ I eonaider Anders' Pracliee one of Ihc best single- volume works befoce the profeuion at 



DaCosta's Physical Diagnosis 

Pliyslcal Diagnosis. By John C. DaCosta, Jr., M. D., Associate 

in Clinical Medicine, Jefferson Medical College, Philadelphia. Octavo 
of 557 pages, with 225 original illustrations. Cloth, S3.50 net 
NEW (2d) EDITION 
Dr. DaCosta's work is a thoroughly new and original one. Every method 
given has been carefully tested and proved of value by the author himself. 
Normal physical signs are cuplained in detail in order to aid the diagnostician in 
determining the abnormal. Both direct and differential diagnosis arc emphasized. 
The cardinal methods of examination are supplemented by full descriptio 
technic and the clinical utility of certain instrumental means of research. 

Dr. Heniy L. EUner. Profissar of Medkinr al Syracuse University. 

- I have reviewed Ihi& book, and am thoroughly convinced that li is one of ihe bcr 
wrillen on this subjecl. In every way I Had it a superior productioa." 




Sahli's Dia^fnostic Methods 



A Treatise on Diagnostic Methods of Examination. By Prop. 

Dr. H. Saiili, of Bern. Edited, with additions, by Kath'l Bowditch 
Potter. M. D., Assistant Professor of Clinical Medicine, Columbia Uni- 
versity (College of Physicians and Surgeons), New York. Octavo of 
1239 P^gt^s, illustrated. Cloth, S6.50 net : Half Morocco, $8.00 net. 

THE NEW (2d) EDITION. ENLARGED AND ItCSET 

Dr. Sahli's great work is a practical diagnosis, wrillen and edited by practical 
clinicians. So thorough has been ihe revision for this edition thnt it was found 
accessary practically lo reset the entire work. Every line has received careful 
•ctvtiny, adding new matter, eliminating the old. 

LewellTi F. Barker. M.D. 

Proffssor of Ihe Princi/Us and Practice cf ^ftdicm<, John! Hcfkint UoivtrsUy 
" I am delighted with it, and it will be a pleasure to tecommead it to oui students in ili« 
Johiu Hopkins Medical Scliool." 

Priedenwald &nd Ruhrah on Diet 

Diet in Health and Disease. By Jllius Friehenwald. M. D.. 

Professor of Disi:ases of the Stomach, and John Ruhrah, M. D.. Pro- 
fessor of Diseases of Children, College of Physicians and Surgeons, 
Baltiinoi^. Octavo of 857 pages. Cloth, ^4.00 net. 

JUST READY— THE NEW t4th) EDITION 

Thii new edition has been carefully revised, making It tllll mare UMtuI Ihan the Xmn 
editions previously exhausted. The articles on milk aod slcotiol have bren rewrfttrn. iidililiun) 
made to those on tuberculosis, Ihe Gait-tree diet, nnd rectal (eedine, and wveml tables sdleiL 
il diabetic foods. 
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George Dock. M. D. 

/'<-,/<.ij«r of Theoo 



Carter's Diet Lists 



i 



Diet Lists of the Presbyterian Hospital of New Vork Cit 
Compiled, with notes, by Herbert S. Carter, M. D. izmo of 139 
pages. Cloth. Ji.oonet. 

Here Dr. Curter has compiled alt Ihe diet li<ils for the various disenscs and forconra- 
lescenceas prescribed at the Presbyterian Hospital. Redpei ore also included. 





PRACTICE OF .\fEDICINE 

Kemp on Stomach, 
Intestines, and Pancreas 

Diseases of the Stomach, Intestines, and Pancreas. By Robert I 
Coleman Kemp, M. D., Professor of Gastro-intestinal Diseases at the , 
New York School of Clinical Medicine. Octavo of 1021 pages, with j 
388 illustrations. Cloth, $6.50 net ; Half Morocco, $8.00 net. 

NEW (2d) EDITION 

The new edition of Dr. Kemp's successful work appears after a most search- 
ing revision. Several new subjects have been introduced, notably chapters on 
Colon BiiiiHus iHf^tlion and on Diseases of the Paiicrfai. ihe latter article being 1 
really an exhaustive monograph, covering over one hundred pages. The seel 
on Duodenal Ulcer has been entirely rewritten. Visceral Displactments are given I 
special consider.ition, in every case givinE definite indications for surRical inter- 
vention when deemed advisable. There are also important chapters on the Intts- 
linal Complications of Typhoid Fever and on Divertkulitis. 
The ThetApeutic Guette 

■The therapeulic advice which is given is eneellem. Mciliods otphisica! ntid chnlcal'J 
eiHtnmalion ate adequately and correcll]' described." 



Deaderick on Malaria 

Practical Study of Malaria. By William H. Deaderick, M. D., 
Member American Society of Tropical Medicine: Fellow London 

Society of Tropical Medicine and Hygiene. Octavo of 402 pages, 
illustrated. Cloth, $4.50 net; Half Morocco, S6.00 net. 

F^ftok A. Jonn, M. D.. Mempkii H^ifiUl MedUal CBlUge. 

"We have been wailing for many yenrs fur such a work wmi*n by a roan who sees maiariB 
la all ils furms in a highly malarious climate." 



Niles on Pellagra ^"■^ 

Pellagra. By George M. Niles, i\l. D., Professor of Gastro- 
enterology and Therapeutics, Atlanta School of Medicine, Octavo of 1 
253 pages, illustrated. Cloth, J3.00 net I 

This is a book you must have to get In touch with the latest advances con- 
cerning this disease. It Is the first book on the subject by an American author, 
and llie first in any language adequately covering diagnosis and treatment. 
Pathology, heretofore an echo of European views only, is here presented from an 
American point of view as well, much original work being included. The clinical 
description covers the manifestations of Pellagra from every angle. 
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NOTHNAGELS PrACTICI 



ALFRED STENGEL. M.D. 

rrofesiorof Medicine in the Universil)- or rennsylTani* 



Typhcnd and Typhus Feveri 

By Dr. H. Curschmans, of I^ipsic, Edited, with additions, by WlL_ 
OsLER, M. D., F. R. C. P.. Regius Professor of Medicine, Oxford University. 
Oxford, England. Octavo of 646 pages, illustrated. 

Smallpox (including Vaccination), Varicella, Cholera Auatica. 
Cholera Nostras, Erysipelas, Erysipeloid. Pertussis, and 
Hay Fever 

By Uk. H. Immkkmann, of Basic : Dr. Th. von JuRGENiEN, of Tubingen : 
L)R. C. LiEBERMEiSTER, of Tubingen; Dr. H. Leshartz. of Hamburg; 
and Dr. G. Sticker, of Giessen. The entire volume edited, with additions, 
by Sir J. W. Moore, M. D., V. R. C. P. 1.. Professor of Pranice. Royal Col- 
lege of Surgeons, Ireland. Octavo of 683 pages, illustrated. -^ 

Diphtheria. Measles. Scarlet Fever, and Rotheln JH 

By William P. Nohthhitp, M. D., of New York, and Dr. Tm. vox JiW^ 
GBNSEN, of Tubingen. The entire volume edited, with additions, by WiLLiAH 
P. NoRTHRUP. M, D.. Professor of Pediatries, University and BcUevue Hos- 
pital Medical College, New York. Octavo of 6?2 pages, illustrated, including 
24 full-page plates, 3 in colors. 

Diseases of the Bronchi, Diseases of the Pleura, and Inflam- 
mations of the Lungs 

By Dr. F. A, Hoffmann, ofLeipsic; Db. O. Rosenbach, of Berlin; and 
Dr. F. Ai'FREcHT, of Magdeburg. The entire volume edited, with additions. 
by John H. Mi'SSEH, M. D., University of Pennsylvania. Octavo of tojq 
pages, illustrated, including 7 full-jiage colored lithographic plates. 

Diseases of the Pancreas, Suprarenals, and Liver 

By Dr. L. Osf.r, of Vienna; Dr. E. Nel'sser. of Vienna; and Drs. H. 
Quincke and G. HopFE-SEyLER, of Kiel. The entire volume edited, with 
additions, by Reginald H. Fritz, A. M., M. D., Herscj' Professor of the 
Theory and Practice of Physic. Harvard University ; and Frederick A, 
Packard, M. D., Late Physician to the PennsyKania and Children's Hos- 
pitals, Philadelphia. Octavo of 918 pages, illustrated. 

SOLO SBPARATELY— PBR VOLUME: CLOTH. SS.OO NET; KALF MOROCCO. >a.M HB 
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AMERICAN EDITION 

NOTHNA GEL'S P RACTICE 

Diseases of the Stomach 

W-j Dk. F. RlEGHt,. of Giessen, Edited, with additions, by Chari.ECS G. 
Stockton, M, D,, Professor of Medicine. I'niversity of BufTalo. Octavo of 
835 pH>;es, with 2g text-cuts and 6 full-page plates. 

Diseases of the Intestines and Peritoneum Second Edltioa 

By Dr. Hermans Nothnagel, of Vienna. Edited, with additions, by 
H. D. RoLLESTON, M. D.. F. R. C. P.. Physician to St George's Hospital, 
London. ("Iclavo of 1100 pages, illustrated. 

Tuberculosis and Acute General Miliary Tuberculodi 

By Dr. G. Cor.SET. of Berlin. Edited, with additions, by Walter B. 
James, M. D., Professor of the Practice of Medicine, Columbia University, 
New York. Oclavo of 806 pages. 

Diseases of the Blood iAntmia, CMnrosu. Leui/mta, and Pifudd4ukemia) 

By Dr. p. Ehrlich. of Frankfort- on -the- Main ; Dr. A. Lazarus, of Chat- 
lottenburg ; Ur. K. vo\ Noordes, of Frankfort-on-the-Main ; and Dr. 

Felix Pinkvs, of Berlin. The entire volume edited, with additions, by ALFRED ' 
Stenoel, M.D.. Professor of Medicine, University of Pennsylvania. Octavo | 
of 714 pages, with text-cuts and 13 full-page plates, 5 in colors. 

Malarial Diseases, Influenza, and Dengue 

By Dr. J. Mavvaberg, ofV'ienna, and Dr. O. Leichtenstern, of Cologne. 
^M The entire volume edited, with additions, by Ronald Ross. F. R.C. S. (Eng.), 
^1 F. R. S., Professor of Tropical Medicine, University of Liverpool : J. W. W. 

Stephens, M. D., D. P. H., Waller Myers Lecturer on Tropical Medicine. 
University of Liverpool ; and Alhi-.rt S. Gruniiaum, F. R. C. P., Professor 
of Experiniemal Medicine, University of Liverpool. Oclavo of 769 pages, 
illustrated. 

Diseases of Kidneys and Spleen, and Hemorrhagic Diatheses 

By Dr. H. Senator, of Ilerlin, and Dr. M. Litten, of Berlin. The entire 
volume edited, with additions, by James B. Herrick, M. D., Professor of the | 
Practice of Medicine, Rush Medical College. Octiivo of 815 pages, iUust. 

Diseases of the Heart 

By Prof. Dr. Tm. von Jurgensen, of Tiibingcn : Prof, Dr. L. Krehl, | 

of GreiJswald : and I'ROF. Ur. L. von SchkStter, of Vienna. Edited by j 

Gf.iirue Dock, .M.D., Professor of Theon- and Practice of Medicine and ] 

Clinical Medicine, Tulane University. Oclavo, 848 pages, illustrated. 

SOLO SePA«ATBLY-PER VOLUME: CLOTH, $5.00 NET : HALF MOROCCO. MOO NBt 1 



Goepp's State Board Questions i 

JUST READY— NEW (3d) EDITION 

State Board Questions and Answers. By R. Max Goepp, M.D., 

Professor of Clinical Medicine, Philadelphia Polyclinic. Octavo of 715 

pages. Cloth, ^4.00 net ; Half Morocco. ^5.50 net 

Peiuuylvuiiai Medical Joumnl 

> admirably ailapleil iti a guide and svir-quiilbrlhnM ■ 




Stevens' Therapetitics New i,sa») b 

A Text-Duok ok Modern Materia Medica and TMERAPtvTics. 
By A. A. Stevens, A. M., M. D., Lecturer on Physical T'iagnosis in 
the University of Pennsylvania. Oitavoof 675 pages, (loth, flj.5oiui. 

Dr. Stevens' Therapeutics is one of Ihc most suect-ssful works on l>ie 
subject ever published. In this new edition ihe work has undergone a 
ver> thorough revision, and now represents the vcr>- latest ad\-ances. 

The Medkal Record. New Yorit 



Butler's Materia Medica nc 

A Text-Book of Materia Medica, Therapeltio. and Piixrma~ 
COLOGY. By George F. Butler, Ph. G., M. D., Professor and Hod 
of the Department of Therapeutics and Profesior of Procniiic and 
Clinical Medicine, Chicago College of Medicine and Surgery. Medical 
Department Valpariso University. Octavo of 701 pages, illustrMcd. 
Cloth, ;(;4.oo net ; Half Morocco, $550 net. 

For this sixth edition Dr. Butler has entirely remodeled his work, a gnM 
part having been rewritten. All obsolete matter has been eliminated, a ™~ 
special attention has been given to the toxicologic and therapeutic t~ ' 
of the newer compounds. 

Medical Record. New York 

" NolliiriK has licvii omidccj by the author which, in his judpnenl. would add to Ih* 



I to Ihc 
e'u3H 



Sollmann's Pharmacolo^ i 

A Text-Book ok i'tiAi*MACouir,v. By Toraij) Soi. 
Professor of Pharmacology and Materia Medica, Western Reserve 
versily. Octavo of to7o pages, i 11 n.st rated. Cloih. 54. 00 net. 

The author bases the study of therapeutics on systematic knowledge ol 
(he nature and properties of drugs, and thus brings out forcibly the ti 
relation between pharmacology and practical medicine. 

J. r. Fttttietiii^hAm. M. D.. 7-riHUy AfiJicat Cdf, 

" Tlie work ccrtjinly occiipirs ground nol 



Amy's Pharmacy 

pRiNctPi-Ks OF Pharmacy. By Henbv V. Army, Ph. G., Pb.*'' 
Columbia University, New York. Octavo of 1 175 pages, wilh 146 if 
irations. Cloth, 1(5,00 net. 

George RdnMui, Ph. C. Sr^ntnry of tki Krv, York Slitr Bi^rd •>/ Pharma-ey. 

» gnal hrip In th« sluilFnt. nnil t (lilnk U 01 




Hinsdale's Hydrotherapy 

Hydrotherapy : A Treatise on Hydrotherapy in Genera! ; Its 
Application to Special Affections; tlic Technic or Processes Employed, 
and a Brief Chapter on the Use of Waters Internally. By Guv Hins- 
dale. M. D., Fellow Royal Society of Medicincr of Great Uritain. 
Octavo of 466 pages, illustrated. Cloth, S3.50 net. 

INCLUDING CROUNOTHERAPY 

The trcaltnent of disease by hydrotherapeutic measures has assumed such an 
important place in medical practice thai a good, practical work on the subject 
is an essential In everj- practitioner's armamentarium. This new work supplies 
all needs. It describes fully the various kinds of baths, douches, sprays ; the 
application of heat and cold ; Che internal use of mineral waters and all other 
procedures included under hydrotherapeutic measures. 
The M«dinl Record 

" We cannot conceiv? of a work mote useful lo Ibe general practitioner than this, nor one 
1'. ulLich he would n^sort more frequenllir hirrelerence uid guidance In hll dally Work." 



Kelly's Cyclopedia of Ameri- 
can Medical Biography 

Cyclopedia of American Medical Biography. By Howard A. 

Kellv, M. D., Johns Hopkins University. Two octavos, averaging 535 
pages eacli, with portr.iits. Per set ; Cloth, $ lo.oo net ; Half Morocco, 
Si 3.00 net. 

IN TWO VOLUMES 

Dr. Kelly, in these two handsome volumes, presents concise, yet complete, 
biographies of those men and women who have contributed notewotthily to the 
advancement of medicine in America, Dr. Kelly's reputation for painstaking 
care assures accuracy of statement. There are about one thousand biographies 
included. 
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) DosE-Ei)OK. By Morse Stlwart, Jr., M.D. samo 
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Illustrated Dictionary 



New (7th) Edition— 5000 Sold in Two Months H 

The American Illustrated Medical Dictionary. — By W. A. Sev^ 

MAS DoKLASD, M.D., Editor of ■'Tlie American Pocket MeJtca! Dic- 
'tionary." Large octavo of 1 107 pages, bound in full flexibie leather. 
Price, S4-50 net; with thumb index, S5.00 net. 



KEY TO CAPITALIZATION AND PRONUNCIATION -ALL THE NEW WORDS 



Howaid A.ViB\ly,\l.O.,PTVfesiiiriifGyiKCi/legie Surgery, Jvhat l/optiiii IfiiivenUy. 

" Dr. Uorl.ind's diclionaiy is mlmftiible. Il is so wrll gotten up and of such coi 



Thornton'! Doie-Book. n,™(4«„ ui.i„ 

Dose-Book and Mahualdf Pbkscription -Writ inc. By E. Q. Thornton, M.D,. 
Assistant Professor of Materia Mcdica. JefTersdii Medlcat College, Phitwletphii. \\iSl- 
ocUkvo, 410 p^es, illusttalcd. Fleiible leillici, S2.00 net, 

" I will be able to make coniiderable use of that purl of its content! relating to the coned 
Irrminology as used in prescription -writing, and it will nfford me mnch pleasure 10 re«wn- 
menii the hnok to my clnsses, who often (ail to find this information in their oiher ti 

books.*'— C. H. MlLLEB. U.ly..Pro/isior 0/Pkarm.uoUgy. Norlh-M!r, 
cxl SchoQi. 



Lusk on Ntttritton 



>iher tgJ^J 



E SCIENCK OF NUTIIITION, Bj Gra»aM Lusk, Ph. D., PrifeM« 
>niell Uoiversily Medical School. Octavo of 403 pages. Clotli, 



Camac's "Epoch-making Contributions" 



Mki 



Sub 



Collected and 

arranLied \,f C. N. B. CaMaC, M. I)., of New York City. Otlavo of 450 |>«ees, illns- 
traleil. Artistically Ixtund. $4.00 net. 

" Dr. Camac has provided us with a most interesting aggregation of classical essays 
WehapR (hat members of the profession will show their appreciation of his endoTOr^"— 

Therapeutic Gazette. 
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The American Pocket Medical Dictionary New (ath) edition 

The American Pocket Medical Dictionary. Edited by W. A. Newman Don- 
LAND, M. D., Editor *« American Illustrated Medical Dictionarv." 677 pages. Flexible 
leather, with gold edges, ^i.oo net; with thumb index, ^$1.25 net. 

Pusey and Caldwell on X-Rays Second Edition 

The Practical Application of the Rontgen Rays in Therapeutics and 
Diagnosis. By William Allkn Pusey, A. M., M. D., Professor of Dermatology in 
the University of Illinois ; and Eugene W. Caldwell, B. S., Director of the Edward 
N. Gibbs X-R*ay Memorial laboratory of the University and Bellevue Hospital Medical 
Collq^e, New York. Octavo of 625 pages, with 200 illustrations. Cloth, ^5.00 net; 
Half Morocco, $6.50 net. 

Cohen and Eshner's Diagnosis. Second Revised Edition 

Essentials of Diagnosis. By S. Solis-Cohen, M. D., Senior Assistant Professor 
in Clinical Medicine. Jefferson Medical College, Phila. ; and A. A. Eshnkr, M. D., 
Professor of Clinical Medicine, Philadelphia Polyclinic. Post-octavo, 382 pages ; 55 
illustrations. Cloth, $1.00 net. In Saunders^ Question- Com/*eiid Series, 



Moms' Materia Medica and Therapeutics. New (7th^ edition 

Essentials of Materia Medica, Therapkutics, and Prf^scripi ion-Writing. 
By Henry Morris, M. D., late Demonstrator of Therapeutics, Jefferson Medical 
College, Phila. Revised by W. A. Bastedo, M. D., Instructor in Materia Medica and 
Pharm.icology at Columbia University. 1 2mo, 300 pages. Cloth, ^I.oo net. In SaufuUr^ 
Question- Compend Series. 

l^nUiams' Practice of Medicine 

EssENTi/VLs OF THK Practicf. OF Mf.dicinf. By W. R. Williams, M.D., 
formerly Instructor in Medicine and Lecturer on Hygiene, Cornell University ; and 
Tutor in Therapeutics, Columbia University, N. Y. i2mo of 456 pnges, illustrated. 
In Saunders* Question- Compend Series. Double number, $1.75 net. 

Todd-, CUnical Diagnoris ^ „^ ^^^ ^^^ 

A Manual of Clinical Diagnosis. By Jamfs Campbell Todd, M. D., Professor 
of Pathology, University of Colorado. l2mo of 469 pages, with 164 text-illustrations 
and 10 colored plates. Cloth, %2. 25 net. 

Bridge on Tuberculosis 

Tuberculosis. By Norman Brid(;e. A. M., M. D., Emeritus Professor of Medicine 
in Rush Medical College. lamo of 302 pages, illustrated. Cloth, ^1.50 net. 

Oertel on Bright*s Disease niuitrated 

The anatomic Histolo<;ical Processf.s of Briohts Disease. By Horst 
Okrtel. M. D , Director of the Russell Sage Institute of Patholog\'. New York. Octavo 
of 227 pages, with 44 text-cuts and 6 colored plates. Cloth. $5.00 net. 

Arnold's Medical Diet Charts 

Medical Diet Charts. Prepared by IT. D. Arnoi n, M. D., Dean of Harvard 
Graduate Medical School. Boston. Single charts, 5 cents; 50 charts, ;^2.oo net ; 500 
charts, 1 18.00 net ; looo charts, $30.00 net. 

E^leston's Prescription Writing Jtnt Ready 

ESSFNTIVLS OF Prk^sc'RIPTK )N WRiTlNr.. Bv CaRY Eggleston. M. D. Instructor 
in Pharmacology. Cornell University Medical School. i6mo of 125 pages. Cloth. Si.oo 
net. 
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Jakob and Eihner's Internal Medicine and Diaftnosts 

A'lXAS AKU EflTOHE Of I^TEKNAI. MtUICINX AND CUMCAL DiAtiKUSU. Bj XM. 

Chm. Jakub, of ErlangcD. Ediied, with addiiioos, by A. A. EiiiSER, M. \i , n»- 
fesBOT of Clinicsl Medicine, Philadelphia Polyclinic With 182 coloml ligurs «« 
6S plates. 64 lexl illustrsliotu, 259 page& of ihi. Clalb, iytx, dci. Jm SaiaUtri 



Lockwood's Practice of Medicine. 

Altending fhys 
wiih 79 illi ~ 



Second CdHion. 
Revlwd ABd EnUirgH 
mce OF Medicine. B7 Gko. Ron ljsc*:»\ior., M t>,, 

BclleTUe Hospiul, New V.nk Cilj, OtUvo, 847 picc^ 
It and 32 full-page plates. Clotli, S4.00 nel. 



Barton and Wells' Medical Thesaurus 



11.= AND pHRAsts. By W. M, Barton, M. D.. lad 
:own Univifsity. Wuliington, D, C. lima of J^ 

; ihuroli indexed, tj.oo net. 



Jelliffe's Pharmaco^osy 



of Col, 



a Uni- 
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Stevens* Practice of Medicine N«w i9th) EJUm 

A Manual cjf tjih Pkactick of Mf^icine. By A. A. Stei-kss. A, M.. M. D^ 

Profeawr of Pilhnlogy, Woman's Medical College, i'tiila. Specially intended (d* 

IS prepBtiiig for graduBtiuii anil hosfiilal eaauunBtioas. Post -octaio, 573 jiaeM. 
■ ■ ■-■■■■- r, Si. so oel. 



:xilile leather, 



Saunders' Pocket Formulary N«w (Mb) CAiiM 

Saunders" Pockct Medical FoRMttLABV. By Wii.uam M. IYiWfii,. M. D. 
G>iitaining 1831 formulai from the Ivil-li'iown aulliorilies. With an Appendia cuo- 
laining Posol(«ic Tnble. Fonnulis and Uoie* for Hypodennic Medication. P.,boni and 
tbcir Antidotes, Diaineten of Ihe Female Pelvis and tela) Mead, Obstetrical 1'a>J«, 
Diet-list,. Materials and Drugs used in Antiseptic Surgery, Trealinent of Aiphyaia fniB 
Drowniiig, Sunjical RemembrnnceT. Tallies ef Incoinpalibles, Enipiin tovrv *«c„ 
etc. In flexible leather, with side index, wallet, anil flap, f I.7S oet- 

Tousey's Medical Electricity and X-Rayt 

Medical Electbicity AMI rfiK X-Ravs. B 
Siiigeon 10 Si. Bartliolomi-w's Hdsiiilal, Nrw 
practical illustrations, 16 In color*. Cloth, %^ 00 1 

Hatcher and SoUmann's Materia Medica 

A TBXT-UOiiK "t' MaIKHIA Mt.IiiCA: intlmlinK L-i!;i.r;i(.>rY EimH»« 
loRic .ind ("l)i:mn: ts.uiim.Hiun of Urugs, by HOUEKT \. HaCVHEK. 
Btid ToRALti SoLLMAN>. M. D. lamo of 411 pjgts. Flrxible le^lhrr. , 



R I'OUSBV. M. D.. Coasuluac 
tavo of III6 (•((«», uridl TS" 
Wor«c<., Jlso •.«. 
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